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Abstract. We present deep optical spectra of the archetypal young planetary nebula (PN) NGC 7027, covering a 
wavelength range from 3310 to 9160 A. The observations were carried out by uniformly scanning a long slit across 
the entire nebular surface, thus yielding average optical spectra for the whole nebula. A total of 937 emission 
features are detected. The extensive line list presented here should prove valuable for future spectroscopic analyses 
of emission line nebulae. The optical data, together with the archival lUE and ISO spectra, are used to probe the 
temperature and density structures and to determine the elemental abundances from lines produced by different 
excitation mechanisms. Electron temperatures have been derived from the hydrogen recombination Balmer jump 
(BJ), from ratios of He I optical recombination lines (ORLs) and from a variety of diagnostic ratios of coUisionally 
excited lines (CELs). Electron densities have been determined from the intensities of high-order Hi Balmer lines 
and of Hell Pfund lines, as well as from a host of CEL diagnostic ratios. GEL and ORL diagnostics are found 
to yield compatible results. Adopting respectively electron temperatures of Te = 12 600 and 15 500 K for ions 
with ionization potentials lower or higher than 50 eV and a constant density of A^e = 47 000cm^'^, elemental 
abundances have been determined from a large number of GELs and ORLs. The G'^^/H^, N^+/H+, 0^'^/H+ and 
Ne2+/H+ ionic abundance ratios derived from ORLs are found to be only slightly higher than the corresponding 
GEL values. We conclude that whatever mechanism is causing the BJ/GEL temperature discrepanies and the 
ORL/GEL abundance discrepancies that have been observed in many PNe, it has an insignificant effect on this 
bright young compact PN. The properties of the central star are also discussed. Based on the integrated spectrum 
and using the energy-balance method, we have derived an effective temperature of 219 000 K for the ionizing star. 
Finally, we report the first detection in the spectrum of this bright young PN of Raman-scattered O vi features 
at 6830 and 7088 A, pointing to the existence of abundant neutral hydrogen around the ionized regions. 
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1. Introduction 

NGC 7027 (PNG 84.9-3.4° 1) is a high-excitation, young, 
dense planetary nebula (PN) ionized by a ho t central 
star (CS). Due to its proximity ('^ 880 ± 150 dc: iMassonL 
Il989l) . its high surface brightness and exceedingly rich 
spectrum, NGC 7027 has been one of the most intensively 
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observed astronomical objects. It has long served as an 
ideal laboratory for studies of the physics of low density 
astrophysical plasmas and for testing the accuracy of cur- 
rent atomic data. Extensive spectroscopy has been carried 
out for this object. Early spectroscopic observations us- 
ing ph otographic plates were presented by Bowen & Wvsd 
lll989^ and IWvsel lll94i . Com bining photograph ic and 
spectrophotometric techniques, iKaler et al.l l)l976i|) mea- 
sured intensities of lines between 3132-8665 A. They sug- 
gested that the nebula may contain a dense central ion- 
ized region with electron density of A'e ~ 10^ cm~'^. Using 
an echelle spectrog raph equipped with a CCD detector, 
iKeves et a'lTl)l990f) presented the spectrum of NGC 7027 
over the wavelength range 3673-8750 A and showed that 
the nebula has an average electron density ^ 60 000 cm^'^ 
and an electron temperature ~ 14 000 K. Based on deep 
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mediu m resolution optical spectra. FPeauignot &: Baluteaul 
detected forbidden lines from heavy elements with 
Z > 30 from this nebula, while deep CCD spectra encom- 
passing the wavelength range of 6540-10460 A have been 
pubhshed bv lBaluteau et all 1^19951) . 

The infrared (IR) spectrum of NGC 7027 has 



also been extensively studied (e.e. Dvck & Simon 


19761 iTelesc 


o&Harpeil Il977l iMelnick et all |l981 


Condal et alJ 


ll98lHCee et all Il984l: iNarata et all Il988 


Rudv et all 1 


19921). Owing to its status as a wavelength 



standard, IR observations were repeatedly ta ken by the 
Infrared Space Obs ervatory (IS O) (see e.g. iLiu et aD . 
Ll996; Bernard-Salas et all One advantage of ob- 

serving in the IR is the reduced effect of dust extinction. 
The IR spectrum also gives access to lines emitted by 
ionized species unobservable in other wavelength regions, 
thus reducing uncertainties in abundance determinations. 
The ISO observations yielded a large number of molecular 
features, which give information of the photodissociation 
regions a nd molecular envelope surrounding the io nized re- 
gion (e.g. lLiu et anil996tljusttanont et"ani2000|) . A large 
number of ultraviolet (UV) spectra of NGC 7027 are avail- 
able from th e Internatioiial Ultraviolet Explorer (lUE) 
data archive l(Bohlin et al l ll97,4lKeves et allll99(t . The 
UV spectra are particularly useful for the investigation 
of the interstellar and circumstellar reddening, mass-loss 
rate and properties of the stellar winds. The UV spectra 
yield intensities of strong coUisionally excited lines (CELs) 
from ionized carbon not available in other wavelength re- 
gions, such as Cm] AA1906,1909 and Civ AA1548,1550, 
and are therefore crucial for the determination of carbon 
abundances. 

N GC 7027 is kn own to contain a large amount of local 
dust. ISeatonI l(l979l ) shows that the dust reddening varies 
across the nebula. He used a two-dust-component model 
to fit the radio and infrared obser vations. A wedge-sh aped 
extinction model is presented bv iMiddlemasd l)l990() . as- 
suming that dust ext inction increases liri early across the 
surface of the nebula. IWalton et alJ 



19881) deduced an ex- 
tinction map of NGC 7027 and found an average extinction 
of Eb-v = 1-02. They also deduced that the CS lies at 
a position of low extinction, E-q-w = 0.8. The latter re- 
sult is however not supported by the high- reso lution imag- 
ing ob servations of lRobberto et all l) 19931) and I Wolff et alJ 
l|200n() who find that Eb-w = 1.07 and 1.10 towards the 
CS, respectively. 

The large number of CELs and optical recombination 
lines (ORLs) detected in the spectrum of NGC 7027 from 
a variety of ionic species provide a unique opportunity to 
study the chemical composition of the nebula at a level 
normally unachievable in other emission line nebulae. A 
long-standing problem in nebular abundance studies has 
been that heavy-element abundances derived from ORLs 
are systematically higher than those derived from CELs. 
In extreme cases, the discrepancies can exceed a factor 
of 10 (see Liu 2003 for a recent review). Related to the 
GEL versus ORL abundance determination dichotomy, 
electron temperatures determined from traditional GEL 



diagnostic ratios, such as the [O ill] (A4959-f A5007)/A4363 
nebular to auroral line ratio, are found to be systemati- 
cally higher than those determined from analyses of the 
recombination spectrum, such as the H i recombination 
continuum Balmer discontinuity and He i recombination 
lines. The two phenomena are found to be correlated, the 
larger the discrepancy between the GEL and ORL abun- 
dances, the larger the difference between the CEL and 
recombination lin e/ continuu m temperatures ijLiu et all 
l2001bl: iLhl l2003l) . iLhi et a l. (2000) ascribed the CEL 
versus ORL temperature/abundance determination dis- 
crepancies to the existence of ultra cold H-deficient in- 
clusions embedded in nebu lae. In the case of NGC 7027, 
iBernard-Salas et alJ l)200l[) compared C++/H+, N++/H+ 
and 0"'""'"/H"'" ionic abundance ratios derived from CELs 
and from ORLs and found that the abundance discrepan- 
cies in this young, compact PN are insignificant. 

Compared to the gaseous nebula, the CS of NGC 7027 
is less well studied. Embedded in a bright nebula, it is 
a difficult task to measure its visual magnitude, which is 
necessary for the determination of the effective tempera- 
ture of the CS using the Zanstra method. Analyses pub- 
lished so far have yielded discrepant results. Ishaw fc Kaleil 
|l982) estimate that the CS has an effective temperature 
of 180 000 compared to a much higher value of 310 000 K 
obtained bv lWalton et all (^988j). More recently, based on 
near IR obs e rvatio ns where the CS is better observed, 
iLatter et all l(200nl) derive a value of 198 000 K. AH these 
estiinates were based on the Zanstra method l|Zanstral 
Il927l) .l Latter et al.1 1)2000() also estimate that the CS has a 
mass of 0.7 solar masses. By comparing the observed neb- 
ular elemental abundances and the predic tions of semi- 
analyt i cal TP-AGB evolutionary m odels of iMarigo et alJ 
l(l996l) . lBernard-Salas et"all l|200ll) suggest that the CS is 
probably descended from a C-rich progenitor star with a 
main sequence mass between 3-4 solar masses. 

In this paper, we present new optical spectra of this 
archetypal young PN, obtained by uniformly scanning a 
long slit across the entire nebular surface. The spectra re- 
veal a large number of emission lines. The comprehensive 
line list generated from the spectra is intended to facilitate 
future spectroscopic observations and line identifications 
of emission line nebulae. In order to have a comprehensive 
view of the thermal and density structures of the nebula 
and its chemical composition, we have also included in our 
analysis available lUE spectra in the UV and ISO spec- 
tra from the near- to far-IR. Section 2 describes our new 
optical observations and the procedures of data reduction 
and presents identifications and fluxes of detected emis- 
sion lines. In Section 3, we report the first detection of 
Raman-scattered features from this nebula. Dust extinc- 
tion towards NGC 7027 is briefly discussed in Section 4. In 
Section 5, we present plasma diagnostic results. Ionic and 
elemental abundances derived from ORLs and CELs are 
presented and compared in Section 6. Section 7 discusses 
the CS. A summary then follows in Section 8. 
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2. Observations 

2.1. Optical spectroscopy 

The observations were carried out in 1996 and 1997, us- 
ing the ISIS long-sht double spectrograph mounted on the 
4.2 m WiUiam Herschel Telescope (WHT) at La Palma. An 
observational journal listing the spectral wavelength cov- 
erage and FWHM resolution is presented in Tabled For 
both the Blue and Red arms of the spectrograph, a Tek 
1024 X 1024 24/imx24/im chip was used, yielding a spatial 
sampling of 0.3576 arcsec per pixel projected on the sky. 
In 1996, a 600gmm~^ and a 316gmm~^ grating were 
used for the Blue and Red Arm, respectively. In 1997, 
they were replaced respectively by a 1200gmm~^ and a 
600gmm~^ grating. A dichroic with a cross-over wave- 
length near 5200 A was used to split the light beam. In 
order to avoid uncertainties caused by ionization strat- 
ification when comparing the ionic abundances derived 
from the optical spectrum with those deduced from UV 
and IR spectra obtained with space-borne facilities which 
use large apertures and thus yield total line fluxes for the 
whole nebula, the long slit of the ISIS spectrograph was 
used to uniformly scan across the entire nebular surface 
by differentially driving the telescope in Right Ascension. 
The mean optical spectrum thus obtained, when com- 
bined with the total H/? flux measured wi th a large aper- 
ture log F(H/3) = -10.12 (crgcm-2s-i) l|Shaw fc KaleJ. 

yields integrated fluxes for the whole nebula for all 
emission lines detected, which are therefore directly com- 
parable to those measured with the space-borne facilities. 

Four wavelength regions were observed in 1996. The 
AA3620-4400 and AA4200-4980 ranges were observed with 
the Blue Arm and the AA5200-6665 and AA6460-7930 re- 
gions with the Red Arm. In 1997, ten spectral regions 
covering the wavelength range from 3310 to 9160A were 
observed (c.f. Table^). Spectral lines falling in the overlap- 
ping wavelength region of two adjacent wavelength setups 
were used to scale the spectra and ensured that all spectra 
were on the same flux scale. Short exposures were taken in 
order to obtain intensities of the brightest emission lines, 
which were saturated on spectra with long exposure times. 

All spectra were reduced using the LONG92 package 
in MIDAS^ following the standard procedure. Spectra were 
bias-subtracted, flat-fielded and cosmic-rays removed, and 
then wavelength calibrated using exposures of copper- 
neon and copper-argon calibration lamps. Absolute flux 
calibration was obtained by observing the HST spec- 
trophotometric standard stars, BD +28° 4211 and Hz 44 
using a 6 arcsec wide slit. 

All line fluxes, except those of the strongest, were 
measured using Gaussian line profile fitting. For the 
strongest and isolated lines, fluxes obtained by direct 
integration over the observed line profile were adopted. 
A total of 937 distinct emission features were mea- 
sured, including 739 isolated lines, 198 blended fea- 

^ MIDAS is developed and distributed by the European 
Southern Observatory. 



tures of two or more lines and 18 unidentified fea- 
tures. Combining the single and blended features, a to- 
tal of 1174 lines were identified. The main references 
use d for line ide n tificat io ns and laboratory wav e length s 
are iKeves et all lll990l) . IPeauignot &: Baluteaul l)l994|) . 
iBal uteau et all l| l995h. Hirata & Horaguchi (1995)^, the 
NIST Spectroscopic Database^, the Atomic Line List 
Version 2.04 compiled by P. A. M. van Hoof'* and refer- 
ence therein. The complete optical spectrum is plotted in 
Fig. ^ with identified lines marked. Several emission lines 
from ions of Z > 30 have been detected. In Appendix A, 
their observed fiuxes are compared with those obtained by 
Pcquignot & Balutcau (1994- 

A full list of lines detected in our deep integrated op- 
tical spectrum and their measured fiuxes are presented in 
Table 2. The first column gives the observed wavelengths 
after correcting for Doppler shifts determined from H i 
Balnier lines. The observed fluxes are given in column 2. 
Column 3 lists the fluxes after correcting for dust extinc- 
tion (cf. Sectional). The remaining columns of the table 
give, in sequence, ionic identification, laboratory wave- 
length, multiplet number (with a prefix 'V' for permitted 
lines, 'F' for forbidden lines, and 'H' and 'P' for hydrogen 
Balmer and Paschen lines, respectively), lower and upper 
spectral terms of the transition, and statistical weights 
of the lower and upper levels, respectively. All fiuxes are 
normalized such that i^(H^) = /(H/3) = 100. 

2.2. lUE and ISO observations 

NGC 7027 was observed by the lUE over the period from 
1979 to 1983. Both high- and low-resolution spectra were 
obtained with the Short Wavelength Prime (SWP) and 
with the Long Wavelength Redundant (LWR) cameras, 
covering the wavelength ranges 1150-1975 A and 1910- 
3300 A, respectively. Only observations obtained with the 
lUE large aperture are included in the current analy- 
sis. They are listed in Table |3| The lUE large aperture 
has an oval shape of dimensions 10 x 23 , larger than 
the angular size of the ionized region of NGC 7 027 a s 
revealed by radio imaging (c.f. iRoelfsema etlH . h99lh . 
All the lUE spectra were retrieved from the lUE Final 
Archive hosted by the ESA Data Centre in Vilspa, Spain. 
Short exposures were used for measuring the strongest 
lines, which were saturated in the spectra of long ex- 
posure time. The measured line fluxes are given in 
Table 4. Our measureme nts are in reasonabl e agreement 
with those reported by iKeves et alJ l)l990l) . who used 
fewer spectra (SWP17240L, SWP17242L, SWP19579L, 
SWP19877L, LWR05615L, LWR15105L, LWR15861L and 
LWR15862L). The fluxes were normalized to F(H/3) 100 
using an H/3 flux of l ogF(H/3) = -10.12 (ergscm^^ s^^) 
llShaw fc Kaleii Il982|) and then dereddened using a red- 
dening constant of c(H/3) = 1.37 (c.f. Section^]). The nor- 

^ http://amods.kaeri.re.kr/spect/SPECT.html. 
^ http:/ /www. physics. nist.gov/cgi-bin/AtData/main_asd. 
http:/ /www.pa.uky.edu/~peter/atomic/. 
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malized observed and dereddened line fluxes are listed in 
the last column of Table 4. 

NGC 7027 has also been extensively observed wi th the 
Short Wavelength Spectrometer (SWS; do Graauw et all 
19961) and Long Wavelength Spectrometer (LWS : 
C1egg et all Il99filf . on board ISO l)Kess1er et a,ll m 



covering wavelength ranges from 2.38-45.2/^m and 40- 
197 ^m, respectively. The smallest ISO-SWS aperture has 
a rectangular size of 14 x 20 , comparable to the large 
aperture of lUE. The LWS has an effective entrance 
aperture of approximately 70" in diameter. Thus both 
the SWS and LWS apertures are big enough to con- 
tain the whole ionized region of NGC 7027. The LWS 
and SW S spectra of NGC 702 7 have previously been ana - 
lyzed bv lLiu et alJ l)l996|) and lBernard-Salas et all l|200l|) . 
Emission line fluxes reported in these papers are included 
in the current analysis. We normalized the observed fluxes 
to F(H/3) = 100 using the total H/3 flux given above and 
then dereddened assuming c(H/3) = 1.37. 

3. Raman scattering features 

A broad feature at 4852 A detected in the optical 
spectrum of NGC 7027 has been proposed to be the 
Raman-scattered line o f Heii(2-8) by atomic hydrogen 
l|Peauignot et allll997(l . This was the flrst detection of a 
Rama n line from a PN. More recently, IPeauignot et al.l 
l)200.3l) report the detection in this PN of another two 
Raman features, Heii(2-10) and Heii(2-6) at 4332 A and 
6546 A, respectively. Except for the 6546 A feature, which 
is seriously blended with the strong [Nil] line at 6548 A, 
the detection and identification of the other two Hen 
Raman lines are confirmed by our new observations (c.f. 
Fig.Ql. The detection of Raman fines suggests the abun- 
dant presence of neutral hydrogen around the ionized re- 
gions of this high excitation PN. 

Our spectrum also reveals an abnormally broad fea- 
ture redward of the [Kriii] A6827 line (Fig. EJ. A two- 
Gaussian profile fit shows that the broad feature has 
a central wavelength of 6829.16 A and a FWHM of 
253 km s^^, which is much broader than the [Kriii] A6827 
line {FW HM ^ 88kms~M. The feat ure was also de- 
tected by IPeauignot k, Baluteaul l)l994|) and was identi- 
fied by them as a Sill line. Given the narrow width of 
other S i n line s, we regard this as a mis-identification. 
ISchmidI l)l989tl suggested that Raman scattering of the 
Ovi A1032, 1038 resonance doublet by neutral hydrogen 
gives rise to two velocity-broadened lines at 6830 and 
7088 A that have been widely observed in the spectra of 
symbiotic stars. Therefore, based on its measured wave- 
length and the large FWHM , we identify the broad emis- 
sion feature at 6829. 16 A as the O vi Raman line at 6830 A. 
Our identification is strengthened by the detection of an- 
other feature, marginally above the detection limit, at 
7088 A, i.e. at the expected position of the other O vi 
Raman line. The measurements yield a A7088/A6830 in- 
tensity ratio of approximately 1/7, smaller than the ratio 
of 1/4 typically found in symbiotic stars. While our mea- 
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Fig. 2. Detailed spectrum showing the region centered 
at 6828A. The histo gram is the observed spectrum. The 
dotted-dashed line represents a two-Gaussian fit, with the 
narrow and broad components represented by dotted and 
dashed lines respectively. The broad feature redwards of 
the [Krni] line is identified as the Ovi Raman line (see 
text). 



sured A7088/A6830 intensity ratio in NGC 7027 may suf- 
fer from large uncertainties because of the weakness of the 
A7088 feature, its small value seems to suggest that the 
environs from which these Raman lines arise in NGC 7027 
may differ from those in symbiotic systems. In symbiotic 
binaries, the ultraviolet Ovi doublet emission from the 
vicinity of a very hot white dwarf is Raman scattered in 
the H I atmosphere of a giant star companion. The nucleus 
of NGC 7027 is not known as a binary star. By analogy 
with the He ll Raman lines observed bv IPeauignot et all 
lll997 '. '2003*) , the O vi Raman lines may be formed in the 
photodissociation region (PDR) that corresponds to the 
interface between the H"*" region and the large molecu- 
lar envelope of NGC 7027. The relatively small column 
density of this PDR, compared to the atmosphere of a 
giant, may be compensated by the large covering factor. 
The theoretical ratio of the Ovi AA1032, 1038 fines is 2 
and the ratio of the Raman cross sections is about 3.3. 
In a small optical depth approximation, the intensity ra- 
tio of the Raman components should be of order 6.6, in 
agreement with the observed intensities. The smaller ratio 
observed in symbiotics may reflect a departure from the 
2:1 ratio of the Ovi lines (a similar departure is observed 
for Civ and Nv in these objects; see Schmid 1989). In 
NGC 7027, the red O vi Raman lines may allow one to 
indirectly determine the intensity of the UV O vi lines, 
which presumably arise from the high ionization region of 
the PN, and thus provide a new useful constraint on the 
properties of the nucleus. 

Raman features have also been detected in th e spec- 
trum of the PN NGC 6302 l)Groves et all |2002() . Both 
NGC 7027 and NGC 6302 have a very high excitation class 
and show strong molecular emission. They thus may share 
some common evolutionary properties. 
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4. Reddening summary 

It is generally believed that a significant amount of dust 
coexists with the ionized and n eutral gas in NGC 7027 
(see, e.g.. lWoodward et al.Ul99^ . Large variations of ex- 
tinction across the nebula, caused by lo cal dust, have 
been detected by optical and radio imaging ijWalton et all 
Il988j) . It follows that emission lines arising from different 
ionized zones may suffer different amounts of reddening. 
A comprehensive treatment of the dust extinction for the 
emission lines observed from NGC 7027 requires detailed 
photoionization modeling and an accurate treatment of 
the dust component (its spatial and size distributions, 
chemical composition etc.), which is beyond the scope of 
the current work. Efforts to correct for the effects of dust 
extinction on observed line fluxes assuming a simplified ge- 
ome try have been attem pted previously bv lSeatonI l)l979|) 
and lMiddlemassI l)l99(]() . 

On the other hand, our previous study shows that it is 
still a good approximation to use the standard Galactic 
extinction curve for the diffuse interstellar medium 
(ISM) to deredden the integrated spectrum of NGC 7027 
I Zhang et alll2003l) . Accordingly, we have dereddened all 
line fluxes by 



/(A) = 10"("'')-^(^)f(A), 



(1) 



where /(A) is the standard Galactic extinction curve for 
a tot al-to-selective extinction ratio of R = 3.2 ijHowarthL 
Il983l) . and c(H/3) is the logarithmic extinction at H/3. 

From the observed Balmer Ha/II/3 and II7/H/3 ratios, 
we deduce an average value of c(II/3) = 1.34 ± 0.02. For 
To = 12 800 K, He^+/H+ = 0.041 and He+/H+ = 0.058 
(see below), the 5-GHz free- free radio continuum flux 
density, S'(5GIIz) = 6.921Jy, combined wi th the total 
H£flux, logF(H/3) = -10.12 (erg cm-2s-i) jCahn et all 
Il992|) . yield c(H/?) = 1.37, consistent with the value de- 
rived from the Balmer decrement within the uncertain- 
ties. The observed He 11 A1640/A4686 ratio gives a slightly 
higher value, c(H/3) = 1.42. As an alternative way to de- 
termine c, we plot in Fig. 13 a synthesized spectrum of 
NGC 7027, computed taking into account contributions 
from the CS and from the free-free and free-bound emis- 
sion of ionized hydrogen and helium (c.f. Zhang el al. 2004 
for details). By comparing the synthesized spectrum with 
the observed one dereddened with a varying value of c, 
especially around the 2200 A region of the UV extinc- 
tion bump, as shown in Fig. |3| we derive c(H/3) = 1.44. 
Although the He 11 A1640/A4686 ratio and the dip at 
2200 A yield slightly higher extinction constants compared 
to the values given by the Balmer decrement and by the 
radio continuum flux density, presumably caused by the 
presence of small dust grains within the nebula, we do not 
regard this as significant and opt to use c(H/3) = 1.37 to 
deredden all measurements from the UV to the IR. 




X (A) 

Fig. 3. The UV and optical spectrum showing the 2200 A 
extinction bump which can be used to estimate total red- 
dening towards NGC 7027. The solid and dotted lines show 
respectively the observed spectrum and that dereddened 
assuming c(H/?) = 1.44. The dashed line is a synthesized 
theoretical spectrum of recombination line and continuum 
emission from ionized hydrogen and helium. 



5. Physical conditions 

5.1. CEL diagnostics 

The spectrum of NGC 7027 reveals a large number of 
CELs, useful for nebular electron density and tempera- 
ture diagnostics and abundance determinations. Adopting 
atomic data from the references given in Appendix B and 
solving the level populations for multilevel (> 5) atomic 
models, we have determined electron temperatures and 
densities from a variety of CEL ratios and list the results 
in Table [S] Electron temperatures were derived assuming 
a constant electron density of logA^c = 4.67 (cm~^), the 
average value yielded by a number of density-sensitive di- 
agnostic ratios. Likewise, an average electron temperature 
of 14 000 K was assumed when determining electron den- 
sities. A plasma diagnostic diagram based on CEL ratios 
is plotted in Fig. ^ 

iLiu et al- (,200oj) showed that the [Nii] A5754 line 
can be enhanced by recombination excitation, leading to 
an overestimated electron temperature being determined 
from the [Nil] ( A6548 + A6584)/ A5754 ratio. Using the 
formula given by iLiu et all ll20nnt) . we find that for this 
particular PN, the contribution by recombination to the 
intensity of the [Nil] A5754 line is neghgible (< 1%). We 
also find the presence of a weak He 11 Raman line at 6546 A 
hardly affects our estimate of the [N 11] A6548 line flux - 
our measurements yield a [Nil] A6548/A6584 ratio which 
is in excellent agreement with the theoretical value of 2.9. 

The electron temperature derived from the [O III] 
A4363/A1663 ratio is 2100 K higher than the value de- 
duced from the [O ill] (A4959 -I- A5007) /A4363 ratio. This 
may be due to measurement uncertainties in the O ill] 
A1663 line flux. The [On] nebular to auroral line ratio, 
(A3726 -I- A3729)/(A7320 + A7330), yields an abnormally 
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Table 5. Plasma diagnostics. 



ID Diagnostic 



Result 









1 


[Ne III] 15Atm/(A3868 + A3967) 


12900 


2 


[Ar III] A7135/A5192 


12800 


3 


[O III] (A4959 + A5007)/A4363 


12600 


4 


[N ii] (A6548 + A6584)/A5754 


12900 


5 


[Ne iv] A1602/(A2422 + A2425) 


15300 


6 


[O III] A4363/A1663 


14700 


7 


[O ii] (A7320 + A7330)/A3726 


18700 


8 


[O i] A5577/(A6300 + A6363) 


10400 


9 


[Mg v] A2783/5.6/im 


15600 




He I A6678/A4471 


9430 




He I A6678/A5876 


12700 




He I A7281/A5876 


8800 




He I A7281/A6678 


10530 




BJ/H 11 


12800 
logTVo (cm-^) 


10 


[Ar iv] A4740/A4711 


4.77 


11 


[C III] A1906/A1909 


4.80 


12 


[CI III] A5537/A5517 


4.70 


13 


[Ne iv] A2425/A2423 


4.69 


14 


[Si III] A1884/A1892 


4.54 


15 


[S II] A6731/A6716 


<; 5 


16 


[Ne v] 24^m/14^m 


4.31 


17 


[Ne III] 15^Im/36^Im 


4.89 


18 


[O II] A3726/A3729 


4.68 


19 


[Fe III] A4881/A4701 


5.27 


20 


[Fe III] A4701/A4733 


4.50 


21 


[Fe III] A4733/A4754 


4.27 




H I Balmer decrement 


- 5 




He II Pfund decrement 


- 5 



high temperature of 18 TOOK, 5800 K higher than that 
determined from the [Nil] (A6548 + A6584)/A5754 ratio. 
Sim ilar discrepancies have also been fou nd in M 1-42, M 2 - 
36 l|T.in et, all Eom\i) and NGC 6153 llT.iu et all Emh . 
This is most likely caused by the presence of high den- 
sity clumps in the nebula. The [O ii] AA3726, 3729 nebu- 

lO^cm-^) 



lar lines have much lower critical densities ('■ 
than the [O ii] AA7320, 7330 auroral hues (~ 



10*= cm--^), 



and are thus susceptible to suppression by collisional de- 
excitation in dense regions, leading to an apparently high 
(A3726 -I- A3729)/(A7320 + A7330) temperature. 

The line ratios of highly ionized species, [Neiv] 
A1602/(A2422 + A2425) and [Mgv] A2783/5.6Aim, yield 
high electron temperatures of 15 300 K and 15 600 K, 
respectively. For comparison, the line ratio of neutral 
species, [O i] A5577/ (A6300 -I- A6363), yields a much lower 
value of 10 400 K. In addition, the [Ci] nebular to auro- 
ral line ratio (A9824 -I- A9850) / A8727 gives a temperature 
of only 810 K for the warm tr ansition regions around 
the nebula l|Liu fc Barlowi Il996l) . Our results thus sug- 
gest a negative temperature gradient across the nebula. A 
simila r trend was previously found bv lBernard-Salas et al.1 
l)200l|^ . 

All density diagnostic ratios analyzed here yield 
compatible results. The only exception is the [Sii] 




(10^ K) 

Fig. 4. Plasma diagnostic diagram. Each curve is labelled 
with an ID number given in Table |31 



A6731/A6716 doublet ratio, which falls outside the high 
density limit for < 14 000 K. The [S ii] A6731 and A6716 
lines have relatively low critical densities, log A'crit — 3.62 
and 3.21 (cm^^), respectively, at = lOOOOK. The dou- 
blet is thus not suitable for density determination for such 
a compact nebula. Nevertheless, Fig.^lshows that the ob- 
served [Sii] A6731/A6716 ratio implies a density higher 
than lO'^cm"'^, which is at least a factor of two higher 
than that derived from th e [On] A3726/A3729 doublet 
ratio. IStanghellini fc KaleJ l)l989^ have found that the 
[S ii] densities of PNe are systematically higher th an the 
corres ponding values derived from the [On] lines. iRubinl 
l)l989() ascribes this to the effects from a dynamical plow 
by the ionization front, since S*^ has a lower ionization 
potential than 0° and thus the S"*" zone is closer to the 
11+ edge. Alternatively, this may also be caused by un- 
certaintie s in the atomic parameters ("Couetti & WritzJ 
»2002„: Wang et all [2004). Note that LijLiit al. QQQla) find 
that densities derived from the low critical density [O ill] 
88/im/52/im ratio are systematically lower than given by 
high critical density optical diagnostic ratios, such as the 
[CI III] and [Ariv] doublet ratios, indicating that density 
inhomogeneities are ubiquitous amongst PNe. 

The [Feiii] A4881/A4701 ratio yields a relatively high 
electron density of logA^c = 5.27 (cm^'^). We note that 
the Niii V9 A4882 hue is blended with the [Feiii] A4881 
line. However, assuming Niii /(A4881)//(A4884) = 0.05, 
we find that the contribution of the N ill line to the A4881 
feature is negligible 0.2%). On the other hand, the flux 
of the [Feiii] A4881 line could also be underestimated due 
to the possible effects of absorp tion by the diffuse in ter- 
stellar band (DIB) at 4882.56 A ijTuairisg et alll200nl) . as 
suggested by our detections in the spectrum of NGC 7027 
of DIBs at 5705, 5780, 6204 and 6284 A (see Fig.[lJ. An 
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underestimated [Fe ill] A4881 line flux will lead to an over- 
estimated [Feiii] A4881/A4701 density. 

5.2. ORL diagnostics 

Table|Slgives the Balmcr jump temperature, derived from 
the ratio of the nebular continuum Balmer discontinu- 
ity at 3646 A to H ll A3770 using the following equation 
llLiu et allEoOlhl) 

T) T 

rc(BJ) = 368x(l+0.259r++3.409y++)x(— — -)-i'^K,(2) 

Hll 

where BJ/Hll is in units of and Y'^ and Y'^^ are 
He+/H+ and He++/H+ abundance ratios, respectively. 
Using He+/H+ and Hc++/H+ ratios determined from He i 
and Hell recombination lines (see next section), we obtain 
a Te(BJ) of 12 800 K. 

We have also used the He i line ratios to determine the 
average He i line emission electron temperature. In Fig. [S] 
we plot He i A6678/A4471, A6678/A5876, A7281/A5876 and 
A7281/A6678 ratios as a function of electron tempera- 
ture. The measured line ratios along with their uncer- 
tainties are overplot ted. The Hei lin e emission coefficients 
used here are from iBeniamin et&\ . (1999) under the as- 
sumption of Case B recombination. An electron density of 
TVe = lO^cm"^, as deduced by the Hi Balmer decrement 
and the Hell Pfund decrement (see below), was assumed 
when determining temperatures, although the results are 
insensitive to the adopted electron density, as shown in 
Fig- El The results are presented in Table [S] Fig. [S] shows 
that the temperatures derived from the He i line ratios 
range between 7500 and 14700 K. Considerin g certain ad- 
vantag es over other He I ratios, as discussed in lZhang et alJ 
l|2005l) . the He I A7281/A6678 ratio gives the most rehable 
result, which is only \.ba lower than the value derived 
from the [O III] forbidden line ratio. 

Electron densities have been derived from the Hi 
Balmer decrement and the Hen Pfund decrement. Fig.El 
shows the observed intensity ratio of the high-order Hi 
Balmer lines (n -> 2, n = 12, 13, 24) to H 11 A3770 and 
the He II Pfund lines (n — > 5, n = 15, 17, 25) to Hen 
A4686 as a function of the principal quantum number n 
of the upper level. Theoretical intensity ratios for differ- 
ent electron densities are overplotted assuming an electron 
temperature of 12 800 K, as deduced from the Hi Balmer 
discontinuity. As shown in Fig. both the H i Balmer 
decrement and the He ii Pfund decrement yield a best fit 
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Fig. 5. The Hei A6678/A4471, A6678/A5876, 
A7281/A5876 and A7281/A6678 ratios as a function 
of electron temperature for logA'o = 4 (dotted line), 5 
(solid line) and 6 (dashed line) (cm^'^). The boxes are the 
observed values with measurement uncertainties. 



6. Elemental abundances 

6.1. Ionic abundances from CELs 

Ionic abundances are derived from CELs by 



at Nc ^ 10° cm , in reasonable agreement with densities A^(X*+) Ijk Xjk aH/3 



derived from CEL diagnostics. The result rules out the 
possibility that H i and He ii lines arise from dense regions 
wi th an electron dens ity in excess of 10^ cm^'' as proposed 
bv lKaler et aD lll976l) . In principle the H i Paschen decre- 
ment and the He il Pickeri ng decrement may also b e used 
to probe electron density i Peauignot fc BahiteaiA Il988]l. 
However, both series are strongly affected by telluric ab- 
sorption and line blending, and thus are omitted in the 
current analysis. 



N(a+) /h/3 Ah/3 



N{Xi+) 



(3) 



where Ijk/lHfs is the intensity ratio of the ionic line to H/3, 
^jk/^Hp is the wavelength ratio of the ionic line to H/3, 
aH/3 is the effective recombination coefficient for H/3, Aj^^ 
is the Einstein spontaneous transition rate of the ionic 
line, and iVj/iV(X*+) is the fractional population of the 
upper level where the ionic line arises and is a function of 
electron temperature and density. 
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Fig. 6. Intensity ratios of a) Hi Balmer lines to H 11 A3770 and b) Hen Pfund lines to Heii A4686, as a function 
of the principal quantum number n of the upper level of the transition. H 16 at 3703.86 A is blended with the Hei 
A3705.12 line. Solid lines are theoretical values for electron densities of A'o — 10^ to 10^ cm~^ at a constant electron 
temperature of 12 BOOK. 



Ionic abundances derived from UV, optical and in- 
frared CELs are presented in Table El Based on plasma 
diagnostic results presented in the previous section, a con- 
stant electron density of logiVo = 4.67 cm~'^ was assumed 
for all ionic species. Electron temperatures of 12 600 K and 
15 500 K were assumed throughout for ions with ioniza- 
tion potentials lower and higher than 50 eV, respectively. 
In Table ^ the 'adopted' denotes average and adopted 
values derived from individual lines weighted by intensity. 

Note that Mg+ and Fe+ exist mainly in the PDR out- 
side the ionized zone (defined by H+), given the very low 
(< SeV) ionization potentials of neutral magnesium and 
iron. Thus Mg+ and Fe+ ionic abundances are not listed 
in TableEl even though several Mg ii and [Fe ii] CELs have 
been detected. Similarly, the Cii 158-/Ltm line should also 
arise mainly from the PDR, rather than the ionized re- 
gion. In fact, the C+/H+ ionic abundance ratio derived 
from the far-IR fine-structure line is a factor of six higher 
than the value derived from the UV CEL A2324. The large 
discrepancy rema ins even if one ad opts the lower 158-/im 
line fiux given bv lLhi et al.l lll996l). rath er than the more 
recent fiux presented in lLiu et al.l ((20o'lah based on a more 
recent version of the LWS data processing pipeline. 

6.2. Ionic abundances from ORLs 

From measured intensities of ORLs, ionic abundances can 
be derived using the following equation 

iV(X'+) _ I,k \k aup 

7V(H+) /h/3 Ah/3 ajk ' ^ ^ 

where ajk is the effective recombination coefficient for 
the ionic ORL and is taken from the references listed in 



Table 8. Comparison of ionic abundances. 



Ion 


N(X'+ 


)/N(ff+) 




ORL/CEL 




CEL 


ORL 








3.85x10"" 


5.54x10" 


-4 


1.4 




4.18x10"* 


3.87x10" 


-4 


0.9 




5.95x10-^^ 


1.03x10" 


-4 


1.7 




4.85x10"^ 


2.56x10" 


-5 


0.5 


N*+ 


1.46x10"^ 


1.68x10" 


-5 


1.2 




s.oexio-"* 


3.95x10" 


-4 


1.3 




6.63x10"^ 


4.04x10" 


-5 


0.6 


Ne2+ 


5.35x10"^ 


8.63x10" 


-5 


1.6 



Appendix B. Ionic abundances derived from ORLs depend 
only weakly on the adopted temperature (~ T", \a\ < 1), 
and are essentially independent of iVo. A constant temper- 
ature of Tc — 12 800 K, as deduced from the Hi Balmer 
jump, was assumed throughout. Ionic abundances derived 
from ORLs are presented in Table 

6.3. Comparison of ionic abundances derived from 
CELs and ORLs 

In Table Inland Fig. [7|we compare C, N, O and Ne ionic 
abundances derived from CELs with those derived from 
ORLs. TablelHland Fig.dshow that the ionic abundances 
of doubly ionized species derived from ORLs, namely those 
of C2+/H+, N2-^/H+, 02+/H+ and Ne2+/H+, are only 
slightly higher that those derived from CELs, with an 
abundance discrepancy factor of about 1.5. 

The dichotomy between the ORL and the CEL abun- 
dances is an open problem in nebular astrophysics (see 



+ 

\ 
+ 

'>< 



10-2 



10-3 - 



10-4 ^ 



10-5 ^ 



10-6 ^ 



10-7 
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Fig. 7. Comparison of C, 
CELs. 



N, O and Ne ionic abundances derived from ORLs with those from UV, optical and IR 



Liu 2003 and references therein). A chemically homoge- 
neous nebula with temperature and d ensit y variations fails 

to account for the discrepancy (c.f. EEl Ikoa). Instead 

detailed multi-waveband analyses of a large sample of 
PNe point to the presence of H-def icient inclus ions em- 
bedd e d in the diffuse ne b ular gas llTsamis et al.. ..2003L 
Eooi iT.iu et a,l.L l2nn4albl: IWesson et a L 120041). A twn- 
abundance model, first proposed by iLiii et all l(200(ll) . 
provides the most plausible explanation for this prob- 
lem. The model predicts Tc(Hei)^ Tc(BJ)< re([Oiii]). 
iLiu et all l)2001bl) found that the ORL/CEL abundance 
discrepancy is positively correlated with the difference 
between rc([Oiii]) and rc(BJ). It has also been found 
that the discrepancy increases as the nebula expands and 
ages jGarnct t k Dinerstein. 2001; Tsamis et al... .20oJ: 
IZhang et all l2004|) . NGC 7027 is a relatively young and 
compact PN. The small ORL to CEL discrepancies, both 
for temperature determinations and for abundance deter- 
minations, are therefore consistent with the general pic- 
ture found for other PNe. 



Interestingly, it seems that compared to doubly ionized 
species, abundance discrepancy factors for ionic species 
of even higher ionization degree, such as C'^^, N'^+j N^+ 
and O^^, are even smaller. This result is however arguable 
considering uncertainties in both measurements and in the 
analysis. If real, then it may indicate that the postulated 
ultra-cold H-deficient inclusions have a lower ionization 
degree compared to the diffuse nebula of "normal" chem- 
ical composition. 



6.4. Total abundances 

Total elemental abundances derived for NGC 7027 are pre- 
sented and compared to values published in the literature 
in Table |H1 Except for helium, all elemental abundances 
given in the table are based on CEL analyses. The average 
abundances deduced for a lar ge sample of Galactic PNe by 
iKingsbiirgh fc Barlowl ( 19941) and the s olar photospheric 
abundances compiled bv lLodder^ ( 200,ll) are also given in 
the table. 

The helium elemental abundance is calculated from 
He/H = He+/H+ -1- He2+/H+. For a high-excitation PN 
such as NGC 7027, very little neutral helium is expected 
to exist within the ionized region, and can therefore be 
ignored. 

Whenever a vailable, ionization c o rrecti on factors 
(ICFs) given by iKingsburgh fc Barlowl ( 19941) were used 
to compute the CEL elemental abundances. 

The carbon abundance is calculated using the equation 



C C+ 
where 



ICFiC) = (1 



C2 



C3 



H+ 



H^ 



-), 



2.7N4+ 



N+ + N2+ + N3+ + N4+ 



(5) 



(6) 



1.40. 



O 
H 



For oxygen, we use 
ICFiO) X (g^ + 



02+ 0^+, 



H+ H+ 



H+ 



(7) 
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Table 9. Elemental abundances in NGC 7027, in units such that logiV(H) = 12.0. 



Element 


This paper 


(1) 


(2) 


(3) 


(4) 


(5) 


Average^ 


SoW 


He 


11.00 


11.03 


11.00 


11.05 


11.02 


11.00 


11.06 


10.90 


C 


9.10 


8.78 


8.98 


8.84 


9.11 


8.98 


8.74 


8.39 


N 


8.14 


8.20 


8.21 


8.10 


8.28 




8.35 


7.83 


O 


8.66 


8.61 


8.71 


8.49 


8.75 


8.66 


8.68 


8.69 


Ne 


8.07 


8.00 


8.14 


8.00 


8.04 




8.09 


7.87 


Mg 


7.60 


7.34 




7.41 


7.33 






7.55 


S 


6.92 


6.97 




6.86 


6.90 




6.92 


7.19 


CI 


5.21 


5.04 




5.30 








5.26 


Ar 


6.30 


6.36 




6.32 


6.40 




6.39 


6.55 


Fe 


5.58 








6.00 






7.47 



^ Average abund ances of Galactic PNe iKingsburgh fc Barlowl 119941) ; 
" iT^odderjEoo!?). 



Reference: (1) Bernard-Salas et al. 2001; (2) Kwitter fc Henry 1996; (3) Keyes et al. 1990; (4) Middlemass 
1990; (5) Gruenwald fc Pequignot 1989. 



where 
ICF{0) 



0.95W 



N+ + N2+ + N3+ + N4+ ' 



(8) 



= 1.11. 



For sulphur, iKingsburgh fc Barlowl l)l994|) give an 
ICF formula for the case that only S"*" and S^"*" are mea- 
sured. For NGC 7027, we have detected hues from S+, 8^+ 
and 8^+. Because of its high-excitation, S'^"'" and are 
also expected to be present in a significant fraction and 
thus need to be c orrected for. F rom the photoionization 
model presented bv lShield'^ l)l978|) . we estimate an ICF{S) 
of 2.13. However, the photoionization model constructed 
bylkiddlcmass (1990) gives a lower ICF{S) of 1.31. Here 
we have opted for an average va lue of 1.72. 

IKingsburgh fc Barlowl l)l994|) did not discuss magne- 
sium and iron. For magnesium, no CELs ar e available to 
determ ine the Mg^^/H"*" ratio. On the hand. (Bar low et al] 
l)2003|) show that whatever effect is enhancing the ORL 
abundances of second-row elements, such as C, N, O and 
Ne, it seems that it does not affect magnesium, the only 
third-row element that has been studied using an ORL. 
Here we have simply added the Mg^^/H+ ionic abundance 
ratio derived from the Mgii A4481 ORL to Mg^+/H+ and 
Mg^+/H+ derived from IR CELs to obtain the total Mg 
elemental abundance. For iron, the only missing ionization 
stage that needs to be correc ted for is Fe^"*". According to 
the photoionization model of lShield^ l)l978j) . we estimate 
an JCF(Fe) of 1.13. Note that Mg+ and Fe+ exist predom- 
inantly in the PDRs outside the ionized region. Although 
a small amount of these ions is present in the ionized re- 
gion and emits CELs, we neglect the ionic concentrations 
in Mg"*" and Fe"*" in the calculation of the total elemental 
abundances of magnesium and iron in the ionized zone. 

For nitrogen, neon, argon and chlorine, no ionization 
corrections are required and the elemental abundances are 
given by simply adding up individual observed ionic abun- 
dance ratios. 



As can be seen from Table elemental abundances 
derived from individual analyses are generally in good 
agreement. The largest discrepancy is for carbon, by a 
factor of 2.14. Except for lBernard-Salas et al.l l)200l[l and 
the current work, where an empirical method is used, all 
other abundance analyses presented in TableElwere based 
on photoionization modeling. Abundances deduced in the 
current work are within the range of values reported in 
previous papers, except for Ar, Mg and Fe. For Ar, al- 
though our abundance is slightly lower than values found 
by others, we deem the difference insignificant. The Mg 
abundance obtained in the current work is 74% higher 
than the average value of previous studies. Given that 
Mg^^ is the dominant ionic species of magnesium, owing 
to the very large ionization potential span of doubly ion- 
ized magnesium, from 15eV to 80 eV, and the fact that in 
all the previous works the Mg^^ abundance was not deter- 
mined and was corrected for using either an ICF or pho- 
toionization model method, we regard the Mg abundance 
obtained in the current wo rk as more r e liable . Amongst 
the previous studies, only iMiddlemasj l)l990() gives an 
iron abundance and his value is significantly higher than 
ours. Pcrinotto et al. (1999) recently calculated iron abun- 
dances in a number of PNe and find an Fc/H ratio of 
4 X 10""^ [5.60 in units such that log7V(H) = 12] for 
NGC 7027, which is in excellent agreement with our re- 
sult. 

Our analysis yields a C/0 ratio of 2.72. This higher 
than solar C/0 ratio indicates that NGC 7027 is carbon- 
enriched. The N/0 ratio is 0.5, about three times larger 
th an the solar value. According to t he criteria defined 
bv lPeimbert fc Torres-Peimberti l|l983() . NGC 7027 is not 
helium and nitrogen rich enough to be a Type-I PN. 
Magnesium is in good agreement with the solar value. 
The high magnesium abundance suggests that depletion of 
magnesium onto dust grains is insignificant in thi s youn g 
PN, contrary to the result of lBernard-Salas et al.l 1 200lll . 
The Fe abundance is well below the solar value, by a fac- 
tor of about 85, suggesting that an effective condensation 
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of gas phase iron into dust grains has occurred in this 
carbon-rich PN. 



7. The central star 

It is well-known that NGC 7027 is a high-excitation PN. 
Ba sed on the excitation clas si ficatio n scheme proposed 
by IPonita fc MeatheringhamI l|l99fl() . which makes use 
of the observed /([O iii]A5007)//(H/3) hue ratio for low 
and intermediate excitation PNe (E.G. < 5), and the 
/(HeilA4686)//(H/3) ratio for higher excitation class PNe, 
we find that NGG 7027 has a E.G. of 6.97 from the ob- 
served /(HeiiA4686)//(H^) ratio. 

The complete spectral data from the UV to IR 
accumulated here allow us to calculate the energy- 
balance temperature (the Stoy temperature) of th e CS 
of NG G 7027. The method was first introdu c ed by IStovl 
lll98.'^ and t hen advanced by ^ Kaler et alJ l(l97(j ) and 
IPreite-Martin cz & Pottasch (1983j). The method rests on 
the idea that the total flux of all GELs (which provide the 
major cooling rate of the nebula) relative to H/3, is a mea- 
sure of the average heating rate per photoionization inci- 
dent (dominated by photoionization of hydrogen given its 
high abundance), and thus depends on the effective tem- 
perature of the central star. Unlike the Zanstra method 
l)ZanstraLll927|l . the Stoy temperature is insensitive to the 
nebular optical depth to ionizing photons and is thus ap- 
plicable to optically thin or partly optically thin nebulae. 
The major drawback of this method is that it requires the 
fluxes of all major GELs to be measured, which poses a 
major observational challenge. For the current data set, 
essentially all major GELs have been detected. For the 
remaining few unseen strong lines, their fluxes can be es- 
timated from the observed lines emitted by the same ion. 
Even for the very few unseen ions, fluxes of GELs emitted 
by those ions can be calculated once we have estimated the 
abundances of those ions using the ionization correction 
method. According to our calculation, the total contribu- 
tion of all unseen GE Ls is less than 2%. Using the Stoy 
method developed bv IPreite-Martinez fc Pottas ch (1983) 
and assuming blackbody radiation for the GS, we derive 
that the GS has an effective temperature of 219 000K. 

Adopting a distance 880 pc to NGG 7027 l|MassonL 

Il989t) . we obtain a luminosity of 8100 Lq and a photo- 
spheric radius of 0.063 i?© for the GS. Then, from the 
evolutionary tracks for hydrogen-burniii g post-AGB stars 
calculated bv lVassiliadis fc WoodI l|l994j) and the approx- 
imate formula for the initial-final mass relationship given 
by the same authors, we estimate that the GS has a core 
mass Mc = O.lA Mp, and an initial mass M j = 3.2 Mq. 
For comparison, iBernard-Salas et all l(200lh estimate an 
initial mass between 3-4 Mq by comparing the elemental 
a bundances of NGG 70 27 with the semi-analytical models 
of iMarigo et"al] l)l996|) . 

The properties of the GS are summarized in Table | 10| 
and c ompared to the values obtain ed by iLatter et al.1 
l)2000(l . Note that iLatter et all l)2000|) determined the ef- 
fective temperature using the Zanstra method and their 



Table 10. Properties of the central star. 



Parameter 


Present paper 


Latter et al. 


r, (lO^'K) 


21.9=^ 


19.8*^ 


L, (lO^Lo) 


8.10 


7.71 




6.3 


7.5 


M,{Mq) 


0.74 


0.7 




3.2 


4 



Based on the Stoy method; 
^ Based on the Zanstra method. 



value is only slightly lower than ours, suggesting that 
NGG 7027 is largely optically thick, consistent with the 
presence of an extensive neutral and molecular envelope 
around the ionized region of this PN. 



8. Summary 

In this paper, we have presented deep optical spectrum of 
the bright PN NGG 7027 from 3310 A to 9160 A, obtained 
by uniformly scanning a long slit across the nebula, thus 
yielding average line fluxes for the whole nebula. A total 
of 1174 line identifications have been obtained, with inten- 
sities ranging from 10~^ to 10^ of H/3. The comprehensive 
line list should prove useful for future spectroscopic study 
of emission line nebulae. 

The optical spectrum, together with the lUE spec- 
tra in the UV and the ISO spectra in the IR, have been 
used to determine the physical conditions and elemental 
abundances. The results show that NGG 7027 is charac- 
terized by an average electron temperature of 14 000 K 
and a density of 47000cm^'^. The temperatures derived 
from the [O ill] forbidden line ratio and from H i and from 
He I recombination line ratios are in agreement within the 
errors. Our analysis also yields a negative temperature 
gradient as a function of nebular radius. In calculating 
the ionic abundances, we have used a simplified two-zone 
model, adopting, respectively, an electron temperature of 
To = 12 600 and 15 500 K for ions with ionization poten- 
tials lower or higher than 50 eV. Our abundance analy- 
sis show that ORLs yield only marginally higher metal 
abundances than GELs. This is in accord wit h the gen- 
eral pattern found for a lar ge sampl e of PNe l|L ii^ ^1^ ^l"* 
2001b| l2004albt iTsamis et a l.. 2003. l2004t IWesson et al 



2004l:fzhang et al.Li2004 that the ORL/GEL abundance 



discrepancy increases with increasing difference between 
the [O III] and the H I Balmer jump temperatures and with 
decreasing electron density. 

The integrated nebular line spectra from the UV to the 
IR allowed us to determine precisely the effective temper- 
ature of the ionizing GS using the Stoy, or enrgy-balance, 
method. We find a high temperature of Toff = 219 000K. 
For the first time, the Raman-scattered O vi features at 
6830 and 7088 A have been detected in this PN, suggesting 
that abundant neutral gas is present around the ionized 
regions of this high-excitation PNe. 
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The spectral data set presented in the current paper, 
together with extensi ve high resolution images in the op- 
tical and in the radio llRobberto et allll993tlBrvce et all 
[l997; Bains et al.Lll99^ should provide tight constraints 
for future photoionization modeling of NGC 7027. 
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Table 6. Ionic abundances from CELs. 



Ion 


A 

(A) 


/(A) 
[7(H/3) = 100] 


TV T / ~\T ^ —I— \ / TV T / X X —1— \ 

N(X*+)/N(H+) 


c+ 


2324 


177^ 


8.74x10"^ 




15.8/Ltm 


2.4 


5.36x10"^ 




adopted 




8.74x10"^ 


Q2 + 


1908 


726 


3.85x10"^ 




1550 


1125 


4.18x10"^ 


N+ 


5754 


5.76 


1.60x10"^ 




6548 


33.1 


1.53x10"^ 




6584 


93.6 


1.47x10"^ 




122/im 


0.028 


2.01x10"^ 




adopted 




1.49x10"^ 


N2+ 


1750 


27.1 


6.01x10"^ 




57jum 


0.99 


4.30x10"^ 




adopted 




5.95x10-5 




1485 


42.3 


4.85x10-5 




1240 


35.9 


1.46x10-5 


0+ 


2470 


25.9 


5.05x10-5 




3726 


20.8 


3.19x10-5 




3729 


7.51 


3.17x10-5 




7320 


17.9 


4.72x10-5 




7330 


14.7 


4.82x10-5 




adopted 




4.33x10-5 




1663 


34.5 


2.56x10 




4363 


25.4 


3.07x10-^ 




4931 


0.254 


3.33x10-^ 




4959 


564.0 


3.03x10-'' 




5007 


1657.92 


3.08x10 * 




52^.m 


6.86 


1.63x10-^ 




88/zm 


0.79 


l.SSxlO-'' 




adopted 




3.06x10-^ 


03+ 


1400 


49.5^ 


1.39x10-^ 




26/zin 


40.2 


6.63x10-5 




adopted 




6.63x10-5 


Ne+ 


12.8/im 


5.33 


7.16x10-^ 




3869 


125.8 


5.37x10-5 




36/iin 


2.82 


4.25x10-5 




adopted 




5.35x10-5 


Ne3+ 


1602 


13.8 


3.30x10-5 




2422 


120.4 


4.32x10-5 




2425 


41.3 


4.15x10-5 




4714 


0.903 


2.82x10-5 




4715 


0.257 


2.87x10-5 




4724 


0.807 


2.31x10^5 




4726 


0.677 


2.22x10-5 




adopted 




4.19x10 




3346 


38.0 


2.02x10-5 




14.3/j.m 


72.2 


1.23x10-5 




adopted 




1.50x10-5 


S+ 


4068 


7.61 


5.06x10-'^ 




4076 


2.44 


4.85x10-"^ 




6716 


1.72 


6.56x10-'' 




6731 


3.88 


6.78x10-^ 




adopted 




5.62x10-"^ 


g2+ 


6312 


4.23 


3.46x10-6 
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Table 6. continued. 



Ion 


X 


/(A) 


AT / "V? -I- \ /AT/TT-l-^ 




(A) 


[7(H/3) = 100] 






8830 


0.011 


3.51x10"'' 




33.5/xm 


0.494 


2.13x10"^ 




18.7/im 


4.69 


2.18x10"^ 




adopted 




2.75x10"^ 


g3+ 


10.5/Ltm 


22.7 


1.56x10"^ 


C1+ 


8578 


0.324 


2.08x10"^ 




9124 


0.14 


3.40x10"^ 




adopted 




2.48x10"^ 


Cr+ 


3353 


0.099 


4.55x10"^ 




5518 


0.189 


5.40x10"^ 




8434 


0.074 


7.70x10-8 




8481 


0.073 


7.81x10-8 




adopted 




5.96x10-8 


CP+ 


5324 


0.06 


6.07x10-8 




7531 


0.457 


5.74x10-8 




8045 


1.05 


5.69x10-8 




11.8^1111 


0.46 


1.01x10-'^ 




adopted 




6.71x10-8 




6.7/im 


0.365 


1.08x10-8 


Ar+ 


7.0/Ltm 


1.726 


1.43x10-'^ 


* o_i_ 


7136 


21.4 


1.09x10-^ 




7751 


4.65 


9.79x10-'^ 




9.0/um 


6.26 


6.82x10-'^ 




21.9/im 


0.339 


9.20x10-'^ 




adopted 




9.94x10-'^ 




4712 


2.21 


5.84x10-'^ 




4741 


8.11 


6.45x10-'^ 




adopted 




6.32x10-'^ 


A 4-1- 


4626 


0.07 


1.63x10-'^ 




6435 


1.31 


1.99x10-'^ 




7.9^ni 


2.50 


1.31x10-'^ 




adopted 




1.54x10-'^ 


Ar5+ 


4.5/ini 


6.88 


8.58x10-8 


Mg3+ 


4.4/im 


8.67 


3.65x10-^ 




2783 


9.53 


1.39x10-^ 




2929 


3.39 


1.27x10"^ 




5.6/im 


22.1 


9.88x10-^ 




adopted 




1.18x10-'^ 


Fe^+ 


4702 


0.067 


3.09x10^8 




4734 


0.032 


2.97x10-8 




4755 


0.032 


3.88x10-8 




4770 


0.023 


3.07x10^8 




4778 


0.018 


3.46x10-8 




4881 


o.oeg'^ 


1.77x10-8 




5270 


0.094 


3.70x10-8 




adopted 




3.40x10-8 




6740 


0.015 


7.08x10-8 




7183 


0.016 


3.93x10-^ 




7189 


0.029 


3.73x10-"^ 




adopted 




3.02x10-'' 




5234 


0.020 


i.igxio-'' 




5278 


0.035 


1.24x10-3 




5335 


0.102 


1.97x10-9 




5425 


0.117 


1.56x10-9 



16 

Table 6. continued. 



Y. Zhang et al.: The planetary nebula NGC7027 



Ion 


A 

(A) 


/(A) 

[i{m = 100] 


N(X*+)/N(H+) 




5484 


0.070 


2.44xlO-y 




5631 


0.083 


1.35x10-9 




adopted 




1.73x10-9 


Fe6+ 


4894 


0.062 


1.05x10-9 




4989 


0.089 


1.68x10-9 




5159 


0.145 


1.75x10-9 




adopted 




1.56x10-9 



" Corrected for a 4% contribution from the [Oiii] A2322 line, assuming [Oiii] 7(A2322)/(A1663) 
Blended with the Siiv A1400 line; 

Probably underestimated because of absorption by the DIB at 4882.56 A. 



= 0.14; 
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Table 7. Ionic abundances from ORLs. 



Ion 


A 

(A) 


/(A) 
[7(H/3) = 100] 


TV T / ~\T ^ —I— \ / TV T / X X —1— \ 

N(X*+)/N(H+) 


He+ 


4471 


3.222 


5.63x10"^ 




6678 


2.538 


5.82xl0~2 




5876 


10.87 


5.80x10-2 




adopted 




5.80x10"=^ 


He^+ 


4686 


47.75 


4.04x10-2 




4860 


2.833 


4.39xl0"2 




adopted 




4.10x10-2 


q2+ 


3918 


0.024 


1.04x10-3 




4267 


0.575 


6.40x10-^ 




4802 


0.032 


1.01x10-3 




5342 


0.034 


7.15x10-^ 




6462 


0.060 


6.64x10-^ 




6578 


0.231 


3.99x10-^ 




7231 


0.108 


2.56x10-^ 




adopted 




5.54x10-^ 


q3+ 


4070 


0.425 


2.70x10-'' 




4187 


0.197 


2.70x10-^ 




8196 


0.289 


6.20x10-^ 




adopted 




3.87x10-'' 


q4+ 


4658 


0.579'' 


2.81x10-^ 




3995 


0.009 


8.49x10-^ 




4041 


0.012 


8.42x10-^ 




4043 


0.008 


7.41x10-^ 




4678 


0.007 


1.18x10-^ 




4179 


0.005 


7.62x10-^ 




4237 


0.005 


5.07x10-^ 




4431 


0.006 


9.75x10-^ 




4631 


0.021 


8.86x10-^ 




5667 


0.014 


6.03x10-^ 




5680 


0.033 


7.60x10-^ 




5686 


0.019 


2.47x10-^ 




5927 


0.002 


6.83x10-^ 




5940 


0.004 


1.37x10-4 




6482 


0.004 


9.90x10-^ 




adopted 




1.03x10-4 




4379 


O.OSQ'' 


2.56x10-^ 




3483 


0.031 


1.22x10-^ 




4707 


0.015 


2.34x10-^ 




7582 


0.011 


2.29x10"^ 




7703 


0.021 


1.66x10-^ 




adopted 




1.68x10-^ 




4945 


0.043 


7.02x10"*^ 


02+ 


4072 


0.134 


5.55x10-4 




/1 1 1 1 
4111 


0.012 


5.04x10 




4119 


0.035 


3.99x10-4 




4133 


0.013 


2.40x10-4 




4153 


0.021 


2.72x10-4 




4317 


0.022 


2.80x10-4 




4320 


0.026 


3.06x10-4 




4346 


0.017 


2.17x10-4 




4349 


0.041 


2.08x10^4 




4367 


0.035 


4.41x10^4 




4639 


0.070 


6.38x10-4 
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Table 7. continued. 



Ion 


A 


/(A) 


TV T / ~\r ^ —I— \ / TV T / X X —1— \ 

N(X*+)/N(H+) 




(A) 


[/(H/3) = 100] 






4649 


0.165 


3.13x10""^ 




4662 


0.036 


2.56x10"'' 




4676 


0.037 


3.14x10""* 




adopted 




3.95x10"'* 


q3+ 


4435 


0.019 


4.04x10"^ 




5592^ 


0.105 


6.20x10"^ 




adopted 




4.04x10"^ 


q4+ 


3410 


0.103 


1.43x10"^ 




4632 


0.188 


1.19x10"^ 




adopted 




1.27x10"^ 


05+ 


7611 


0.014 


7.46xl0"6 




3327 


0.016 


8.86x10"^ 




3335 


0.042 


6.24x10"^ 




3355 


0.027 


7.68x10-5 




3694 


0.023 


6.78x10-5 




3777 


0.011 


8.35x10-5 




4392 


0.011 


8.43x10-5 




4409 


0.017 


1.96x10-4 




adopted 




8.63x10-5 




4481 


0.023 


2.43x10-5 



Corrected for a 23% contribution from the [Feiii] A4658 line, assuming [Feiii] /(A4658)//(A4734) = 5.33; 
^ Corrected for a total of 11% contribution from the C ill and Ne ii A4380 hues, assuming C ill /(A4380)/(A4383) 

and Neil /(A4380)/(A4392) = 0.61; 

Also excited partly by charge exchange with ijLiu. Danziger Sz Murdin| . Il993^ . 
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Fig. 1. Optical spectrum of NGC 7027. A '+' attached to a line identification means that the line is blended with 
other emission features. 
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Table 1. Journal of WHT observations. 



Date 


A-range 




Exp. Time 


(UT) 


(A) 


(A) 


(secj 


1996/08/23 


3620-4400 


2.5 


4 X 14, 1200 


1 c\c\r' /no /oo 

199d/U»/23 


A^C\r\ AC\OC\ 


2.5 


in o T o V/ on o \> /^nn 
iU, 2 X 7, z X 2U,2 X dUU 


1996/08/23 


5200-6665 


4.5 


10, 2 X 7, 2 X 20,2 x 600 


1 OtOtf\ /HQ /OQ 


d4dU— / yoU 


4.0 


4 X 14, izUU 


1997/08/10 


3310-3710 


1.5 


2 X 1200 


1997/08/10 


3710-4105 


1.5 


20, 2 X 1200 


1997/08/10 


4110-4505 


1.5 


20, 3 X 1200 


1997/08/10 


4510-4905 


1.5 


20, 25, 600, 4 X 1200 


1997/08/10 


4910-5310 


1.5 


10, 2 X 20, 300, 4 X 600 


1997/08/10 


5220-6220 


2.5 


20, 2 X 1200 


1997/08/10 


6020-6800 


2.5 


10, 2 X 20, 300, 4 X 600 


1997/08/10 


6770-7650 


2.5 


20, 3 X 1200 


1997/08/10 


7620-8410 


2.5 


20, 25, 600, 4 X 1200 


1997/08/10 


8370-9160 


2.5 


2 X 1200 



Table 3. Journal of lUE observations. 



Date 
(UT) 




Image No. 


Exp. Time 
(min) 


1982/06/17 


L 


SWP 17242 L 


180 


1983/05/02 


L 


SWP 19878 L 


162 


1978/07/04 


L 


SWP 01914 L 


36 


1978/09/01 


L 


SWP 02430 L 


30 


1978/01/08 


L 


SWP 01747 L 


10 


1978/03/29 


H 


SWP 19578 L 


420 


1979/03/21 


H 


SWP 04716 L 


287 


1979/09/17 


H 


SWP 06541 L 


60 


1982/06/17 


H 


SWP 17240 L 


45 


1979/03/25 


H 


SWP 04748 L 


35 


1983/05/02 


L 


LWR 15861 L 


180 


1978/02/24 


L 


LWR 01024 L 


120 


1979/09/17 


L 


LWR 05614 L 


60 


1982/06/17 


L 


LWR 13506 L 


60 


1978/11/01 


L 


LWR 02785 L 


30 


1978/06/08 


L 


LWR 01639 L 


25 


1978/09/01 


L 


LWR 02230 L 


10 


1983/01/25 


H 


LWR 15105 L 


300 


1979/09/17 


H 


LWR 05615 L 


35 



Appendix A: Emission from heavy elements 

{Z > 30) 

IPeauignot fc Baluteaul l)l994j) identify emission lines from 
a number of heavy elements with Z > 30 in NGC 7027 
for the first time. As expected, many of these lines have 
extremely low intensities [~ 10~^/(H/3)]. Table IA.l1 lists 
emission lines from heavy elements o f Z > 30 iden- 
tified by IPeauignot fc Baluteaul l)l994|) (PB) that have 
also been detected in our optical spectrum. The mea- 
su red fluxes are in general consi stent with those reported 
bvlPcauign ot fc BaluteaiJ l)l994l) . These emission features 
should provide vital information about r- and s-processes 
in late evolution stages of AGB stars. 



Table A.l. Emission lines from elements of Z > 30. 
Ion MJ) W"I/I{Rl3) 









This 


PB 


[Se II] 


7592, 


,00 


blend'' 


blend 


[Se III] 


8854, 


,20 


< 9 


15.0 ± 2.3 


[Br III] 


6131, 


,00 


< 11 


7.6 ±1.1 


[Br III] 


7385, 


,1 


2 


< 2.5 


[Kr III] 


6826, 


,90 


44'' 


41 ± 2 


[Kr IV] 


5346, 


,10 


148^= 


187 ±6 


[Kr iv] 


5868, 


,00 


231^* 


255 ± 15 


[Kr iv] 


6107, 


,80 


5 


6.3 ±1.6 


[Kr v] 


6256, 


,50 


18"= 


15.1 ± 1.5 


[Rb IV] 


5759, 


,40 


23-'^ 


17.4 ± 2.6 


[Rb v] 


5080, 


,20 


7 


< 4 


[Sr vi] 


4249, 


,30 


1 


7±5 


[Sr VI] 


5434, 


,40 


< 6 


8±4 


[Srv] 


4922, 


,20 


blend 


blend 


[Zr vil] 


7379, 


,70 


< 35 


blend 


[Te II] 


8049, 


,60 


blend 


< 1.5 


[III] 


7282, 


,90 


blend 


blend 


[Xe III] 


5846, 


,70 


12^ 


9.3 ± 2 


[Xe IV] 


5709, 


,20 


9 


10.6 ±2 


[Xe IV] 


7535, 


,40 


14 


15.8 ±0.6 


[Xe VI] 


6408, 


,89 


blend 


13.2 ± 1.6 


[Cs II] 


7219, 


,70 


< 19 


< 10 


[Cs VI] 


8210, 


,60 


< 14 


3±2 


Ba II 


4554, 


,00 


2 


7.8: 


Ba II 


4934, 


,10 


4 


< 5.6 


Ba II 


6141, 


,70 


7 


7.5 


[Ba iv] 


5696, 


,60 


gh 


7.3 ±2.2 


[Ba viii] 


4233, 


,60 


< 3 


5±4 


[Pb II] 


7099, 


,80 


10 


3.5 ±1.0 


[La v] 


4621, 


,00 


< 26 


blend 



Blended with a strong line; 
Ignore contribution from the C I A6828.il line; 
Ignore contribution from the C IIIA5345.80 line; 
Corrected for a 9% contribution from the He ll A5869.00 
line, assuming He II /(A5869.00)//(A5896.79) = 0.58; 
° Corrected for a 28% contribution from the C ll A6256.54 

Hue, assuming C ii I(A6256.54)//(A6250.74) = 0.56; 
^ Corrected for a 18% contribution from the He ll A5759.44 

line, assuming He ii 7(A5759.44)/7(A5762.63) = 0.71; 
^ Corrected for a 69% contribution from the He ll A5847.10 

line, assuming He II /(A5847.10)//(A5857.27) = 0.93; 
^ Neglect contribution from the C ill A5695.9 line. 



Appendix B: Atomic data references 

Table IbTI and Table Ir!2| list references of atomic data for 
GEL and ORL analyses, respectively. 
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Table B.l. Atomic data references for CEL analysis. 



Ion Transition probabilities Collision strengths 

Cll Nussbaumcr fc S torey 1981a Blum fc Pradhan 1922 

C III Keenan et al, 1992 J<eenai^_et_al^^992 

Fleming et al. 1996 

C IV Wiese et al. 1966 Gau fc Henry 1977 

N II Nussb aumer fc Rusca 1979 Stafford et al. 1994b 

N III Fang et aL 19.93 Blum & Pradhan 1992 

Sta fford et al. 1994a 

N IV Nussbaumer fc Rusca 1979 Mendoza 1983 

N V Wiese et al. 1966 Osterbrock fc WaUace 1977 

O II ZeioDen 1982 Pradhan 1976 

O III Nussbau mcr fc Storey 1981b ^garwal 198 3 

O IV Nussbaumer fc Storey 1982b Zhang et al. 1994 

Jl^^^^^^ssbmimer^M 

Ne II Mendoza 1983 Baves et al. 1985 

Ne III Mendoza 1983 Butler fc Zeippen 1994 

Ne IV Zeippen 1982* Giles 1981 

Ne V FYoesc fc Saha 1985 Lcnnon & Burke 1994 

S II Mendoza fc Zeippen 1982b Keenan et al. 1996 

j^eenai^^l^^9^ 

S III Mendoza fc Zeip pen 1982a Mendoza 1983 

S IV Storey (unpublished) ^utler^_Zei££en^989 

CI III Mendoza 1983 Mendoza 1983 

CI IV Mendo za fc Zeippen 1982b Butler fc Zeippen 1989 

CI V Mendoza 1983 Mendoza 1983 

Ar II Pelan fc Bcrringtqn^995 ^uinovic fc Wiese^992 

Ar III ^endoz^_^^d£gen^983 Jblm^o^_^J<ingston^990 

Ar IV Mendoza fc Zeippen 1982b Zeippen et al. 1987 

Ar V Mendoza fc Zeippen 1982a Mendoza 1983 

Ar VI Storey (unpublished) ^ara^^^^tore^^96 

Mg IV Mendoza fc Zeippen 1983 Saraph fc Tully 1994 

Mg V Galavis et al. 1997 Butler fc Zeippen 1994 

Fc III Nahar fc Pradhan 1996 Zhang 1996 

Fe IV Garstang 1958 Zhang fc Pradhan 1997 

Fischer fc Rubin 2004 

Fe VI Nussbaumer fc Storey 1978 ^fussbaumer_^_Store^^9re 

Fe VII ^fu^sbamne^^_Store^^982a JCeenan fc Norrington 1987 

Bcrrington et al. 2000 
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Table B.2. Atomic data references for ORL analysis. 



Ion Effective recomb. coeffs. Comment 



Hi 


Storcv & Hummer 1995 


Case B 


He I 


Bcniamin et al. 199£ 


Case B; singlets 




Brocklehurst 1972 


Case A; triplets 


Hen 


Storev & Hummer 1995 


Case B 


Cii 


Davev et al. 2000 


Case B 


Cm 


Pcauienot et al. 1991 


Case A 




Nussbaumer & Storev 1984 


Dielectronic recom. 


Civ 


Peauienot et al. 1991 


Case A 


Nil 


Kisielius & Storev 2002 


Case B; triplets 




Escalante & Victor 1990 


Case A; singlets 


Niii 


Pcauignot et al. 1991 


Case A 




Nussbaumer & Storev 1984 


Dielectronic recom. 


Niv 


Peauienot et al. 1991 


Case A 




Nussbaumer & Storev 1984 


Dielectronic recom. 


Nv 


Peauienot et al. 1991 


Case A 


On 


Storev 1994 


Case B; quartets 




Liu et al. 1995 


Case A; doublets 


Oiii 


Peauienot et al. 1991 


Case A 


Oiv 


Peauienot et al. 1991 


Case A 




Nussbaumer & Storev 1984 


Dielectronic recom. 


Ov 


Peauienot et al. 1991 


Case A 


Neil 


Kisielius et al. 1998 


Case B; doublets 




Storey (unpublished) 


Case A; quartets 


Mgii 


Davev et al. 2000'" 


Case B 



Given the similarity between the atomic structure of Mgll and Cll, we have assumed that the 
Mgll 3d-4f A4481 line has an effective recombination coefficient equal to that of the Cll 3d-4f 
A4267 line. 
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Table 2. Optical line fluxes on a scale where H/3 = 100. 





F{X) 


/(A) 


Ion 




Mult 


Lower Term 


Upper Term 


9t 


9^ 


3312.43 


2.385 


7.760 


III 


3312.30 


V3 


3s 3P* 


3p 3S 


3 


3 


3327.27 


0.005: 


0.017 


Ne II 


3327.15 


V2 


3s 4P 


3p 4D* 


4 


4 


3334.88 


0.014 


0.045 


Ne II 


3334.84 


V2 


3s 4P 


3p 4D* 


6 


8 


3340.82 


3.345 


10.547 


III 


3340.74 


V3 


3s 3P* 


3p 3S 


5 


3 


3342.58 


0.277 


0.869 


[Ne III] 


3342.50 




2p4 ID 


2p4 IS 


5 


1 


3345.91 


12.858 


40.282 


[Ne V] 


3345.83 




2p2 3P 


2p2 ID 


3 


5 


3353.44 


0.034 


0.105 


[CI III] 


3353.33 




3p3 4S* 


3p3 2P* 


4 


2 


3354.62 


0.028 


0.086 


Ne II 


3355.05 


V2 


3s 4P 


3p 4D* 


4 


6 




* 


* 


He I 


3354.55 


V8 


2s IS 


7p IP* 


1 


3 


3357.56 


0.008 


0.028 


C III 


3357.91 




3p 3S 


6p 3P* 


9 


9 


3362.31 


0.077 


0.238 


[Na IV] 


3362.20 




2p4 3P 


2p4 ID 


3 


5 


3363.80 


0.038 


0.118 


IV 


3363.21 




3s 4P 


3p 4P* 


2 


4 


3377.60 


0.006 


0.019 


II 


3377.15 


V9 


3p 2S* 


3d 2p 


2 


2 


3379.40 


0.019 


0.056 


IV 


3379.58 




3s 4P 


3p 4P* 


4 


4 


3381.25 


0.170 


0.511 


IV 


3381.28 


V3 


3s' 4P* 


3p' 4D 


6 


10 


3385.52 


0.119 


0.354 


IV 


3385.55 


V3 


3s' 4P* 


3p' 4D 


6 


8 


3390.47 


0.009 


0.027 


II 


3390.21 


V9 


3p 2S* 


3d 2p 


2 


4 


3396.88 


0.037 


0.108 


IV 


3396.80 


V3 


3s' 4P* 


3p' 4D 


4 


4 


3403.57 


0.114 


0.337 


IV 


3403.58 


V2 


3p 2P* 


3d 2D 


2 


4 


3405.73 


0.068 


0.198 


III 


3405.74 


V15 


3p 3P 


3d 3P* 


1 


3 


3408.12 


0.014 


0.041 


III 


3408.13 


V15 


3p 3P 


3d 3P* 


3 


1 


3409.74 


0.035 


0.103 


IV 


3409.75 


V3 


3s' 4P* 


3p' 4D 


6 


6 


3411.75 


0.202 


0.590 


IV 


3411.76 


V2 


3p 2P* 


3d 2D 


4 


6 


3413.69 


0.012 


0.035 


IV 


3413.71 


V2 


3p 2P* 


3d 2D 


4 


4 


3415.28 


0.102 


0.296 


III 


3415.29 


V15 


3p 3P 


3d 3P* 


3 


3 


3425.93 


_b 




[Ne V] 


3425.87 




2p2 3P 


2p2 ID 


5 


5 


3428.64 


1.349 


3.870 


III 


3428.65 


V15 


3p 3P 


3d 3P* 


3 


5 


3430.56 


0.208 


0.594 


III 


3430.60 


V15 


3p 3P 


3d 3P* 


5 


3 


3444.10 


7.725 


21.809 


III 


3444.07 


V15 


3p 3P 


3d 3P* 


5 


5 


3447.65 


0.050 


0.139 


He I 


3447.59 


V7 


2s IS 


6p IP* 


1 


3 


3450.91 


0.013 


0.035 


II 


3451.27 


V26.01 


3p 3S 


4s IP* 


3 


3 


3455.05 


0.013 


0.035 


[Fe II] 


3455.11 




3d7 4F 


4s 4D 


8 


4 


3456.97 


0.014 


0.038 


Ne II 


3456.61 


V28 


3p 2S* 


3d 2P 


2 


4 


3466.44 


0.072 


0.199 


[NI] 


3466.38 


V2F 


2p3 4S* 


2p3 2P* 


4 


4 


3471.85 


0.034 


0.092 


He I 


3471.83 


V44 


2p 3P* 


16d 3D 


9 


15 


3478.88 


0.043 


0.118 


He I 


3478.97 


V43 


2p 3P* 


15d 3D 


9 


15 


3480.70 


0.019 


0.051 


Ne II 


3480.72 


V49 


3s" 28 


3p" 2P* 


2 


4 


3482.84 


0.018 


0.050 


N IV 


3482.99 


VI 


3s 3S 


3p 3P* 


3 


3 


3487.75 


0.029 


0.076 


He I 


3487.73 


V42 


2p 3P* 


14d 3D 


9 


15 


3489.60 


0.004 


0.013 


[Mg VI] 


3488.72 




2p3 2D* 


2p3 2P* 


4 


4 


3492.31 


0.006 


0.019 


[Fe VI] 


3492.10 




3d3 4F 


3d3 2D2 


4 


4 


3498.65 


0.029 


0.075 


He I 


3498.66 


V40 


2p 3P* 


13d 3D 


9 


15 


3512.51 


0.036 


0.095 


He I 


3512.52 


V38 


2p 3P* 


12d 3D 


9 


15 


3530.49 


0.042 


0.110 


He I 


3530.50 


V36 


2p 3P* 


lid 3D 


9 


15 


3554.48 


0.081 


0.204 


He I 


3554.42 


V34 


2p 3P* 


lOd 3D 


9 


15 


3555.92 


0.008 


0.020 


[Fe VI] 


3555.60 




3d3 4F 


3d3 2D2 


6 


4 


3559.74 


0.010 


0.025 


[Ni II] 


3559.41 




3d9 2D 


4s 2P 


4 


2 


3566.69 


0.006 


0.017 


[Ni V] 


3566.50 




3d6 5D 


3d6 3F2 


3 


5 


3568.53 


0.034 


0.085 


Ne II 


3568.50 


V9 


3s' 2D 


3p' 2F* 


6 


8 


3574.69 


0.018 


0.046 


Nc II 


3574.61 


V9 


3s' 2D 


3p' 2F* 


4 


6 


3583.87 


0.018 


0.043 


C II 


3584.98 


V23 


3p' 4D 


4s' 4P* 


6 


6 


3587.07 


0.165 


0.407 


He I 


3587.28 


V32 


2p 3P* 


9d 3D 


9 


15 




* 




C II 


3585.81 


V23 


3p' 4D 


4s' 4P* 


2 


4 




* 


* 


[Fe VII] 


3586.32 




3d2 3P 


3d2 IG 


7 


9 
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Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


5? 


92 


3589.08 


0.007 


0.018 


C II 


3588.92 


V23 


3p' 4D 


4s' 4P* 


2 


2 


3590.89 


0.024 


0.059 


C II 


3590.86 


V23 


3p' 4D 


4s' 4P* 


10 


6 


3613.67 


0.069 


0.164 


He I 


3613.64 


V6 


2s IS 


5p IP* 


1 


3 


3631.74 


0.030 


0.071 


S III 


3632.02 


VI 


3d 3P* 


4p 3D 


5 


7 


3634.28 


0.135 


0.318 


He I 


3634.25 


V28 


2p 3P* 


8d 3D 


9 


15 


3641.16 


0.012 


0.026 


IV 


3641.59 




3p 2D 


6f 2F* 


12 


14 


3651.93 


0.014 


0.032 


He I 


3651.98 


V27 


2p 3P* 


8s 3S 


5 


3 


3662.22 


0.011: 


0.024 


[Fc VI] 


3662.50 




3d3 4F 


3d3 2D2 


8 


6 


3663.41 


0.018 


0.041 


H 29 


3663.40 


H29 


2p+ 2P* 


29d+ 2D 


8 




3664.60 


0.032 


0.073 


H 28 


3664.68 


H28 


2p+ 2P* 


28d+ 2D 


8 










[Fc II] 


3664.70 




4s 4D 


4s 2D 


2 


4 


3666.07 


0.072 


0.165 


H 27 


3666.10 


H27 


2p+ 2P* 


27d+ 2D 


8 




3667.68 


0.097 


0.223 


H 26 


3667.68 


H26 


2p+ 2P* 


26d+ 2D 


8 




3669.45 


0.147 


0.338 


H 25 


3669.46 


H25 


2p+ 2P* 


25d+ 2D 


8 




3671.49 


0.177 


0.409 


H 24 


3671.48 


H24 


2p+ 2P* 


24d+ 2D 


8 




3673.75 


0.199 


0.460 


H 23 


3673.74 


H23 


2p+ 2P* 


23d+ 2D 


8 




3676.37 


0.233 


0.538 


H 22 


3676.36 


H22 


2p+ 2P* 


22d+ 2D 


8 




3679.37 


0.265 


0.611 


H 21 


3679.36 


H21 


2p+ 2P* 


21d+ 2D 


8 




3682.82 


0.305 


0.702 


H 20 


3682.81 


H20 


2p+ 2P* 


20d+ 2D 


8 




3686.84 


0.356 


0.817 


H 19 


3686.83 


H19 


2p+ 2P* 


19d+ 2D 


8 




3689.63 


0.034 


0.077 


C IV 


3689.78 




6g 2G 


9f 2F* 


18 


14 


3691.53 


0.407 


0.934 


H 18 


3691.56 


H18 


2p+ 2P* 


18d+ 2D 


8 




3694.32 


0.011 


0.024 


Nc II 


3694.21 


VI 


3s 4P 


3p 4P* 


6 


6 


3697.12 


0.478 


1.094 


H 17 


3697.15 


H17 


2p+ 2P* 


17d+ 2D 


8 


* 


3703.83 


0.853 


1.939 


H 16 


3703.86 


H16 


2p+ 2P* 


16d+ 2D 


8 










He I 


3705.02 


V25 


2p 3P* 


7d 3D 


9 


15 


3707.03 


0.018 


0.041 


III 


3707.25 


V14 


2p 3P 


3d 3D* 


3 


5 


3709.86 


0.025 


0.057 


Ne II 


3709.62 


VI 


3s 4P 


3p 4P* 


4 


2 


3711.98 


0.642 


1.454 


H 15 


3711.97 


H15 


2p+ 2P* 


15d+ 2D 


8 




3715.28 


0.053 


0.120 


He II 


3715.16 


4.29 


4f+ 2F* 


29g+ 2G 


32 










N IV 


3714.43 


V12 


3p' 3D 


3d' 3P* 


5 


5 


3721.99 


1.753 


3.943 


H 14 


3721.94 


H14 


2p+ 2P* 


14d+ 2D 


8 










He II 


3720.41 


4.28 


4f+ 2F* 


28g+ 2G 


32 










[S HI] 


3721.63 


F2 


3p2 3P 


3p2 IS 


3 


1 


3726.19 


9.230 


20.763 


[0 II] 


3726.03 


Fl 


2p3 4S* 


2p3 2D* 


4 


4 








He II 


3726.27 


4.27 


4f+ 2F* 


27g+ 2G 


32 


^ 


3728.79 


3.350 


7.512 


[0 II] 


3728.82 


Fl 


2p3 4S* 


2p3 2D* 


4 


6 


3733.00 


0.049 


0.110 


He I 


3732.86 


V24 


2p 3P* 


7s 3S 


3 


3 








He II 


3732.80 


4.26 


4f+ 2F* 


26g+ 2G 


32 




3734.37 


0.859 


1.921 


H 13 


3734.37 


H13 


2p+ 2P* 


13d+ 2D 


8 




3736.83 


0.112 


0.251 


IV 


3736.85 


V6 


3p' 4D 


3d' 4F* 


12 


14 


3740.35 


0.032 


0.071 


He II 


3740.30 


4.25 


4f+ 2F* 


25g+ 2G 


32 




3745.18 


0.018 


0.040 


IV 


3744.89 


V6 


3p' 4D 


3d' 4F* 


6 


6 


3748.56 


0.045 


0.101 


He II 


3748.55 


4.24 


4f+ 2F* 


24g+ 2G 


32 




3750.34 


1.079 


2.397 


H 12 


3750.15 


H12 


2p+ 2P* 


12d+ 2D 


8 




3754.90 


0.304 


0.672 


TTT 
(J 111 


3754.69 


V2 


3s dr 


3p 3D 


3 


5 


3757.25 


0.111 


0.245 


III 


3757.24 


V2 


3s 3P* 


3p 3D 


1 


3 




* 


* 


He n 


3758.15 


4.23 


4f+ 2F* 


23g+ 2G 


32 


* 


3760.07 


1.701 


3.755 


HI 


3759.87 


V2 


3s 3P* 


3p 3D 


5 


7 


3767.58 


0.015 


0.033 


Fe I 


3767.19 


V21 


a5F 


y5F* 


3 


3 


3770.64 


1.502 


3.295 


H 11 


3770.63 


Hll 


2p+ 2P* 


lld+ 2D 


8 


* 






* 


He II 


3769.08 


4.22 


4f+ 2F* 


22g+ 2G 


32 


* 


3774.21 


0.058 


0.127 


HI 


3774.02 


V2 


3s 3P* 


3p 3D 


3 


3 


3777.29 


0.005 


0.011 


Ne II 


3777.14 


VI 


3s 4P 


3p 4P* 


2 


4 


3781.74 


0.041 


0.090 


He II 


3781.72 


4.21 


4f+ 2F* 


21g+ 2G 


32 


* 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9i 


92 


3783.55 


0.013 


0.029 


[Fe V] 


3783.22 




3d4 5D 


3d4 3F2 


5 


7 


3784.98 


0.008 


0.017 


II 


3784.98 




4p 2P* 


4d 2D* 


4 


6 


3791.48 


0.076 


0.164 


III 


3791.27 


V2 


3s 3P* 


3p 3D 


5 


5 


3796.34 


0.072 


0.155 


He II 


3796.33 


4.20 


4f+ 2F* 


20g+ 2G 


32 




3798.10 


2.038 


4.400 


H 10 


3797.90 


HIO 


2p+ 2P* 


10d+ 2D 


8 




3806.06 


0.017 


0.036 


He I 


3805.74 


V63 


2p IP* 


lid ID 


3 


5 


3811.38 


0.005 


0.011 


VI 


3811.35 


VI 


3s 2S 


3p 2P* 


2 


4 


3813.79 


0.081 


0.173 


He II 


3813.50 


4.19 


4f+ 2F* 


19g+ 2G 


32 


^ 


3819.83 


0.358 


0.764 


He I 


3819.62 


V22 


2p 3P* 


6d 3D 


9 


15 


3829.91 


0.006 


0.013 


II 


3830.29 


V34 


3p 2P* 


4s 2P 


4 


2 


3833.58 


0.139 


0.294 


He I 


3833.57 


V62 


2p IP* 


lOd ID 


3 


5 








He II 


3833.80 


4.18 


4f+ 2F* 


18g+ 2G 


32 




3835.40 


3.075 


6.494 


H 9 


3835.39 


H9 


2p+ 2P* 


9d+ 2D 


8 




3839.73 


0.035 


0.074 


[Fe V] 


3839.27 




3d4 5D 


3d4 3F2 


7 


7 


3847.95 


0.005 


0.010 


II 


3847.89 


V12 


3p 4D* 


3d 4D 


2 


2 


3851.71 


0.007 


0.014 


II 


3851.03 


V12 


3p 4D* 


3d 4D 


4 


4 


3856.05 


0.030 


0.062 


Si II 


3856.02 


VI 


3p2 2D 


4p 2P* 


6 


4 








II 


3856.13 


V12 


3p 4D* 


3d 4D 


4 


2 


3858.10 


0.098 


0.205 


He II 


3858.07 


4.17 


4f+ 2F* 


15g+ 2G 


32 


* 


3862.63 


0.054 


0.113 


Si II 


3862.60 


VI 


3p2 2D 


4p 2P* 


4 


2 








II 


3863.50 


V12 


3p 4D* 


3d 4D 


6 


8 


3868.78 


60.880 


125.769 


[Ne HI] 


3868.75 


Fl 


2p4 3P 


2p4 ID 


5 


5 








[Fe VI] 


3870.13 




3d3 2F 


3d3 2D1 


7 


4 


3876.65 


0.013 


0.026 


C II 


3876.66 


V33 


3d' 4F* 


4f' 4G 


6 


8 


3878.28 


0.007 


0.015 


C II 


3878.03 


V33 


3d' 4F* 


4f 4G 


6 


6 


3882.38 


0.004 


0.008 


II 


3882.19 


V12 


3p 4D* 


3d 4D 


8 


8 








II 


3882.44 


Vll 


3p 4D* 


3d 4P 


4 


4 


3884.19 


0.003 


0.006 


C II 


3883.82 


V33 


3d' 4F* 


4f' 4G 


10 


8 


3888.91 


7.748 


15.855 


H 8 


3889.05 


H8 


2p+ 2P* 


8d+ 2D 


8 


^ 








He I 


3888.65 


V2 


2s 3S 


3p 3P* 


3 


9 








Ho II 


3887.44 


4.16 


4f+ 2F* 


16g+ 2G 


32 


^ 


3891.32 


0.083 


0.169 


[Fe V] 


3891.28 




3d4 5D 


3d4 3F2 


9 


9 


3895.60 


0.036 


0.073 


[Fe V] 


3895.22 




3d4 5D 


3d4 3P2 


7 


5 


3911.95 


0.010 


0.020 


[Fe V] 


3911.86 




3d4 5D 


3d4 3F2 


9 


7 


3919.00 


0.012 


0.024 


C II 


3918.98 


V4 


3p 2P* 


4s 2S 


2 


2 


3920.71 


0.017 


0.034 


C II 


3920.69 


V4 


3p 2P* 


4s 2S 


4 


2 


3923.70 


0.159 


0.319 


He II 


3923.48 


4.15 


4f+ 2F* 


15g+ 2G 


32 


% 


3926.72 


0.046 


0.091 


He I 


3926.54 


V58 


2p IP* 


8d ID 


3 


5 


3929.38 


0.014 


0.028 


[Fc VI] 


3928.90 




3d3 2F 


3d3 2D1 


6 


4 


3934.62 


0.010 


0.021 


C IV 


3934.29 


V2 


5s 2S 


6p 2P* 


2 


4 








C IV 


3934.89 


V2 


5s 2S 


6p 2P* 


2 


2 


3935.92 


0.009 


0.018 


He I 


3935.91 


V57 


2p IP* 


8s IS 


3 


1 


3945.08 


0.014 


0.028 


C II 


3945.00 


V32 


3d' 4F* 


4f 4F 


4 


4 








C II 


3945.20 


V32 


3d' 4F* 


4f' 4F 


6 


8 


3948.13 


0.003 


0.006 


[Ni IV] 


3948.50 




3d7 4P 


3d7 4F 


6 


10 


3954.51 


O.OOd 


0.012 


TT 
(J 11 


on r /I *> T 

3954.37 


Vb 


3s 2P 


3p 2P^ 


2 


2 


3957.03 


0.022 


0.043 


IV 


3956.74 


VIO 


3p' 4P 


3d' 4P* 


4 


4 


3961.73 


0.007 


0.013 


HI 


3961.59 


V17 


3p ID 


3d IF* 


5 


7 


3964.92 


0.285 


0.554 


He I 


3964.92 


V5 


2s IS 


4p IP* 


1 


3 


3967.66 


19.330 


37.610 


[Ne HI] 


3967.46 


Fl 


2p4 3P 


2p4 ID 


3 


5 




* 




He II 


3968.43 


4.14 


4f+ 2F* 


14g+ 2G 


32 


* 


3970.26 


7.502 


14.550 


H 7 


3970.07 


H7 


2p+ 2P* 


7d+ 2D 


8 


98 




* 


* 


[Fe IV] 


3970.90 




3d5 2G2 


3d5 2G1 


10 


8 


3995.10 


0.005 


0.009 


N II 


3994.98 


V12 


3s IP* 


3p ID 


3 


5 


3997.35 


0.013 


0.025 


[F IV] 


3996.90 




2p2 3P 


2p2 ID 


3 


5 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


92 


4003.58 


0.010 


0.020 


N III 


4003.58 


V17 


4d 2D 


5f 2F* 


6 


8 


4009.26 


0.070 


0.132 


He I 


4009.26 


V55 


2p IP* 


7d ID 


3 


5 








[Fe III] 


4008.30 




3d6 5D 


3d6 3G 


9 


9 


4011.58 


0.008 


0.016 


[Ne III] 


4011.70 




2p4 3P 


2p4 ID 


1 


5 


4026.08 


1.017 


1.899 


He I 


4026.19 


V18 


2p 3P* 


5d 3D 


18 










He II 


4025.60 


4.13 


4f+ 2F* 


13g+ 2G 


32 










N II 


4026.08 


V39b 


3d 3F* 


4f 2 [5] 

4f F3* 


7 


9 








II 


4026.31 


V50b 


3d 4F 


4 


6 


4035.19 


0.003 


0.006 


N II 


4035.08 


V39a 


3d 3F* 


4f 2 [5] 


5 


7 








II 


4035.07 


V50b 


3d 4F 


4f F3* 


6 


6 








II 


4035.46 


V50b 


3d 4F 


4f F3* 


6 


8 


4038.92 


0.005 


0.009 


N II 


4039.35 


V39b 


3d 3F* 


4f 2 [5] 


9 


9 


4041.32 


0.007 


0.013 


N II 


4041.31 


V39b 


3d 3F* 


4f 2 [5] 


9 


11 


4043.54 


0.004 


0.008 


N II 


4043.53 


V39a 


3d 3F* 


4f 2 [4] 


7 


9 


4046.30 


0.003 


0.006 


[Fe III] 


4046.40 




3d6 5D 


3d6 3G 


7 


7 


4048.22 


0.001 


0.002 


II 


4048.21 


V50b 


3d 4F 


4f F3* 


8 


8 


4052.85 


0.002 


0.003 


[Mn V] 


4052.30 




3d3 4F 


3d3 2D 


4 


4 


4056.30 


0.003 


0.005 


N II 


4056.90 


V39a 


3d 3F* 


4f 2 [4] 


9 


9 








C III 


4056.06 


V24 


4d ID 


5f IF* 


5 


7 


4060.41 


0.050 


0.091 


[F IV] 


4060.22 




2p2 3P 


2p2 ID 


5 


5 


4068.80 


4.193 


7.611 


[S II] 


4068.60 


Fl 


2p3 4S* 


2p3 2P* 


4 


4 




* 




C III 


4067.94 


V16 


4f 3F* 


5g 3G 


5 


7 








C III 


4068.91 


V16 


4f 3F* 


5g 3G 


7 


9 








II 


4069.62 


VIO 


3p 4D* 


3d 4F 


2 


4 








II 


4069.87 


VIO 


3p 4D* 


3d 4F 


4 


6 


4070.30 


0.234 


0.425 


C III 


4070.26 


V16 


4f 3F* 


5g 3G 


9 


11 


4072.02 


0.074 


0.134 


II 


4072.16 


VIO 


3p 4D* 


3d 4F 


6 


8 


4074.24 


0.035 


0.063 


C II 


4074.52 


V36 


3d' 4D* 


4f' 4F 


6 


10 


4076.55 


1.354 


2.442 


[S II] 


4076.35 


Fl 


2p3 4S* 


2p3 2P* 


2 


4 








II 


4075.86 


VIO 


3p 4D* 


3d 4F 


8 


10 


4081.17 


0.013 


0.023 


III 


4081.04 


V23 


3s' 3P 


3p' 3D* 


5 


7 


4084.68 


0.021 


0.037 


II 


4084.65 


V21 


3p 4P* 


3d 2F 


6 


8 








II 


4085.11 


VIO 


3p 4D* 


3d 4F 


6 


6 


4087.38 


0.004 


0.007 


II 


4087.15 


V48c 


3d 4F 


4f G3* 


4 


6 


4089.48 


0.025 


0.046 


II 


4089.29 


V48a 


3d 4F 


4f G5* 


10 


12 


4093.29 


0.005 


0.009 


II 


4092.93 


VIO 


3p 4D* 


3d 4F 


8 


8 


4097.34 


0.919 


1.637 


N III 


4097.33 


VI 


3s 2S 


3p 2P* 


2 


4 


4101.75 


14.670 


26.048 


H 6 


4101.74 


H6 


2p+ 2P* 


6d+ 2D 


8 


72 








He II 


4100.04 


4.12 


4f+ 2F* 


12g+ 2G 


32 


* 








II 


4103.00 


V20 


3p 4P* 


3d 4D 


2 


2 








N III 


4103.43 


VI 


3s 2S 


3p 2P* 


2 


2 


4106.89 


0.006 


0.010 


II 


4106.02 


VIO 


3p 4D* 


3d 4F 


8 


6 


4110.77 


0.007 


0.012 


II 


4110.78 


V20 


3p 4P* 


3d 4D 


4 


2 


4112.16 


0.007 


0.013 


II 


4112.02 


V21 


3p 4P* 


3d 2F 


6 


6 


4114.31 


0.007 


0.012 


II 


4114.18 


V48b 


3d 4F 


4f G4* 


10 


8 








r\ TT 
(J 11 


4114. 5U 


V48b 


3d 41 


4l G4^ 


10 


10 


4119.21 


0.020 


0.035 


II 


4119.22 


V20 


3p 4P* 


3d 4D 


6 


8 


4120.83 


0.120 


0.210 


He I 


4120.84 


V16 


2p 3P* 


5s 3S 


9 


3 


4122.62 


0.051 


0.089 


[KV] 


4122.63 




3p3 4S* 


3p3 2D* 


4 


6 




* 


* 


II 


4121.46 


V19 


3p 4P* 


3d 4P 


2 


2 


4128.75 


0.029 


0.051 


Si H 


4128.07 


V3 


3d 2D 


4f 2F* 


6 


8 






* 


II 


4129.32 


V19 


3p 4P* 


3d 4P 


4 


2 


4132.71 


0.008 


0.013 


II 


4132.80 


V19 


3p 4P* 


3d 4P 


2 


4 


4140.14 


0.007 


0.012 


II 


4140.70 


V19 


3p 4P* 


3d 4P 


4 


4 




* 


* 


N II 


4131.78 


V43.01 


3d ID* 


4f 2 [4] 


5 


7 
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Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


92 


4143, 


.71 


0.158 


0.272 


He I 


4143.76 


V53 


2p IP* 


6d ID 


3 


5 


4145, 


.94 


0.011 


0.019 


C II 


4145.00 




3d' 4F 


4p' 2P* 


* 


* 










N II 


4145.77 


V65 


3s' 5P 


3p' 5S* 


7 


5 


4153, 


.25 


0.013 


0.021 


II 


4153.30 


V19 


3p 4P* 


3d 4P 


4 


6 










C III 


4152.43 


V21 


3p' 3D 


5f 3F* 


3 


5 


4156, 


.48 


0.033 


0.056 


II 


4156.53 


V19 


3p 4P* 


3d 4P 


6 


4 


4163, 


.30 


0.105 


0.179 


[K V] 


4163.30 




3p3 4S* 


3p3 2D* 


4 


4 


4167, 


.07 


0.006 


0.011 


C III 


4166.95 


V33 


3p' ID 


6p IP* 


5 


3 


4168, 


.96 


0.020 


0.034 


He I 


4168.97 


V52 


2p IP* 


6s IS 


3 


1 










II 


4169.22 


V19 


3p 4P* 


3d 4P 


6 


6 


4176, 


.99 


0.003 


0.005 


HI 


4177.60 


V36b 


4d 3D* 


5f F[4] 


5 


7 


4179, 


.38 


0.003 


0.005 


N II 


4179.67 


V50a 


3d 3D* 


4f 2 [3] 


7 


7 


4180, 


.99 


0.015 


0.025 


[Fe V] 


4180.60 




3d4 5D 


3d4 3P2 


3 


1 


4185, 


.47 


0.013 


0.022 


II 


4185.45 


V36 


3p' 2F* 


3d' 2G 


6 


8 


4186, 


.92 


0.118 


0.197 


C HI 


4186.90 


V18 


4f IF* 


5g IG 


7 


9 


4189, 


.81 


0.017 


0.028 


II 


4189.79 


V36 


3p' 2F* 


3d' 2G 


8 


10 


4195, 


.48 


0.010 


0.017 


N III 


4195.76 


V6 


3s' 2P* 


3p' 2D 


2 


4 


4199, 


.86 


0.518 


0.859 


He II 


4199.83 


4.11 


4f+ 2F* 


llg+ 2G 


32 












N HI 


4200.10 


V6 


3s' 2P* 


3p' 2D 


4 


6 


4201, 


.73 


0.012 


0.020 


[Ni II] 


4201.17 




3d9 2D 


4s 2D 


6 


4 










[Mn V] 


4201.40 




3d3 4F 


3d3 2D2 


8 


6 


4206, 


.31 


0.002 


0.003 


[Fe IV] 


4206.60 




3d5 4G 


3d5 2H 


10 


10 


4209, 


.20 


0.003 


0.005 


[Fe IV] 


4208.90 




3d5 4G 


3d5 2H 


8 


10 


4211, 


.04 


0.005 


0.008 


[Fe II] 


4211.10 




3d7 4F 


4s 2H 


8 


12 


4216, 


.84 


0.006 


0.010 


N II 


4217.10 




4d 3D* 


lOp 3P 


15 


9 










N III 


4215.77 


V6 


3s' 2P* 


3p' 2D 


4 


4 


4219, 


.80 


0.007 


0.011 


Nc II 


4219.74 


V52a 


3d 4D 


4f 2 [4]* 


8 


10 










C IV 


4219.34 




6s 2S 


8p 2P* 


4 


6 


4227, 


.43 


0.096 


0.156 


[Fe V] 


4227.20 




3d4 5D 


3d4 3H 


9 


9 


4229, 


.09 


0.013 


0.021 


C IV 


4229.02 




7g 2G 


12f 2F* 


18 


14 


4231, 


.22 


0.003 


0.005 


Ne II 


4231.53 


V52b 


3d 4D 


4f 2 [3]* 


6 


6 










Nc II 


4231.64 


V52b 


3d 4D 


4f 2 [3]* 


6 


8 


4233, 


.58 


0.002 


0.003 


Nc II 


4233.85 


52a 


3d 4D 


4f 2 [4]* 


6 


8 










[Ba VIII] 


4233.60 




5p 2P 


6p 2P 


2 


4 


4236, 


.49 


0.003 


0.005 


N II 


4236.91 


V48a 


3d 3D* 


4f 1[3] 


3 


5 










N II 


4237.05 


V48b 


3d 3D* 


4f 1[4] 


5 


7 


4238, 


.05 


0.012 


0.020 


C IV 


4238.70 




7d 2D 


12p 2P* 


10 


6 










II 


4237.93 




3d 4P 


4f F3* 


4 


6 


4241, 


.27 


0.0005: 


0.001 


N II 


4241.24 


V48a 


3d 3D* 


4f 1[3] 


5 


5 


4241, 


.81 


0.005 


0.009 


N II 


4241.78 


V48a 


3d 3D* 


4f 1[3] 


5 


7 






* 




N II 


4241.78 


V48b 


3d 3D* 


4f 1[4] 


7 


9 


4243 


.95 


0.014 


0.022 


[Fe II] 


4243.97 




3d7 4F 


4s 4G 


10 


12 


4250, 


.00 


0.0008: 


0.001 


[Sr VI] 


4249.30 




4p3 4S 


4p3 2D 


4 


6 


4253, 


.90 


0.010 


0.016 


II 


4253.90 


VlOl 


3d' 2G 


4f' H5* 


10 


12 








* 


II 


4253.91 


VlOl 


3d' 2G 


4f H5* 


10 


10 






* 


* 


N HI 


4253.99 




4d 4P* 


3d 4P 


6 


6 


4256, 


.45 


0.001 


0.002 


C HI 


4256.46 


V15.01 


4f 3F* 


5d 3D 


7 


5 


4261, 


.56 


0.015 


0.023 


N I 


4261.28 




3s 4P 


4p 4D* 


4 


4 






* 


* 


N II 


4261.62 




3s 3P 


lid 3P* 


5 


3 


4267, 


.17 


0.365 


0.575 


C II 


4267.00 


V6 


3d 2D 


4f 2F* 


4 


6 






* 


* 


C II 


4267.26 


V6 


3d 2D 


4f 2F* 


12 


14 


4273, 


.11 


0.001 


0.002 


II 


4273.11 


V67a 


3d 4D 


4f F4* 


6 


8 


4275, 


.56 


0.015 


0.023 


II 


4275.55 


V67a 


3d 4D 


4f F4* 


8 


10 






* 




II 


4276.00 


V67b 


3d 4D 


4f F3* 


4 


6 






* 


* 


II 


4276.29 


V67b 


3d 4D 


4f F3* 


6 


6 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


9^2 






* 


* 


II 


4276, 


.63 


V53c 


3d 4P 


4f Dl* 


4 


4 


4276, 


.75 


0.020 


0.031 


II 


4276, 


.75 


V67b 


3d 4D 


4f F3* 


6 


8 






* 


* 


II 


4277, 


,44 


V67c 


3d 4D 


4f F2* 


2 


4 






* 


* 


II 


4277. 


.90 


V67b 


3d 4D 


4f F3* 


8 


8 


4282, 


.99 


0.003 


0.005 


II 


4282, 


,96 


V67c 


3d 4D 


4f F2* 


4 


6 


4283, 


.76 


0.002 


0.004 


II 


4283, 


.73 


V67c 


3d 4D 


4f F2* 


4 


4 


4285, 


.72 


0.006 


0.010 


II 


4285, 


.69 


V78b 


3d 2F 


4f F3* 


6 


8 


4287, 


.29 


0.014 


0.021 


[Fe II] 


4287, 


,39 




4s 6D 


4s2 6S 


10 


6 


4288, 


.85 


0.002 


0.003 


II 


4288, 


.82 


V53c 


3d 4P 


4f Dl* 


2 


4 


4291, 


.49 


0.007 


0.010 


II 


4291, 


.25 


V55 


3d 4P 


4f G3* 


6 


8 


4292, 


.45 


0.009 


0.014 


II 


4292, 


,21 


V78c 


3d 2F 


4f F2* 


6 


6 


4295, 


.02 


0.008 


0.012 


II 


4294, 


.78 


V53b 


3d 4P 


4f D2* 


4 


6 


4295, 


.16 


0.002 


0.003 


II 


4294, 


.92 


V53b 


3d 4P 


4f D2* 


4 


4 


4303, 


.72 


0.014 


0.021 


II 


4303, 


,82 


V53a 


3d 4P 


4f D3* 


6 


8 






* 




II 


4303, 


,61 


V65a 


3d 4D 


4f G5* 


8 


10 


4307, 


.13 


0.006 


0.009 


II 


4307, 


.23 


V53b 


3d 4P 


4f D2* 


2 


4 


4308, 


.96 


0.005 


0.008 


II 


4308, 


,99 


V63c 


3d 4D 


4f Dl* 


2 


2 


4315, 


.41 


0.010 


0.016 


II 


4315, 


.39 


V78b 


3d 2F 


4f F3* 


8 


6 






* 




II 


4315. 


.39 


V63c 


3d 4D 


4f Dl* 


4 


2 






* 


* 


II 


4315, 


,40 


V63c 


3d 4D 


4f Dl* 


4 


4 








* 


II 


4315, 


,69 


V63c 


3d 4D 


4f Dl* 


6 


4 


4317, 


.72 


0.015 


0.022 


II 


4317, 


.70 


V53a 


3d 4P 


4f D3* 


4 


6 


4319, 


.65 


0.017 


0.026 


II 


4319, 


,63 


V2 


3s 4P 


3p 4P* 


4 


6 


4321, 


.77 


0.014 


0.022 


C II 


4321, 


.65 


V28 


3p' 4P 


4s' 4P* 


4 


4 


4323, 


.09 


0.003 


0.004 


C II 


4323, 


.10 


V28 


3p' 4P 


4s' 4P* 


2 


2 


4325, 


.78 


0.023 


0.035 


II 


4325, 


,76 


V2 


3s 4P 


3p 4P* 


2 


2 


4329, 


.86 


0.006 


0.008 


[Fe II] 


4329, 


.43 




4s 4D 


4s 4D 


6 


8 


4331, 


.46 


0.002 


0.003 


II 


4331, 


.47 


V41 


3p' 2D* 


3d' 2D 


4 


6 


4333, 


.05 


0.008 


0.012 


He II 


4332, 


,00 






Raman line 










* 


* 


II 


4332, 


,71 


V65b 


3d 4D 


4f G4* 


8 


10 


4334, 


.94 


0.004 


0.006 


II 


4335, 


,36 


V63b 


3d 4D 


4f D2* 


8 


6 


4338, 


.70 


0.836 


1.248 


He II 


4338, 


,67 


4.10 


4f+ 2F* 


llg+ 20* 


32 


* 


4340, 


.50 


31.930 


47.664 


H 5 


4340, 


,47 


H5 


2p+ 2P* 


5d+ 2D 


8 


50 


4344, 


.11 


0.023 


0.034 


II 


4344, 


,42 


V65c 


3d 4D 


4f G3* 


6 


8 


4345, 


.80 


0.011 


0.017 


II 


4345, 


,56 


V2 


3s 4P 


3p 4P* 


4 


2 






* 


* 


II 


4345, 


,55 


V65c 


3d 4D 


4f G3* 


8 


8 


4349, 


.46 


0.028 


0.041 


II 


4349, 


,43 


V2 


3s 4P 


3p 4P* 


6 


6 


4351, 


.28 


0.008 


0.012 


II 


4351, 


,26 


V16 


3s' 2D 


3p' 2D* 


6 


6 


4352, 


.62 


0.008 


0.012 


[Fe II] 


4352, 


,78 




3d7 4F 


4s 4G 


6 


10 


4353, 


.62 


0.004 


0.005 


II 


4353, 


,59 


V76c 


3d 2F 


4f G3* 


6 


8 


4356, 


.46 


0.003 


0.004 


[Fe II] 


4356, 


.14 




3d7 4F 


4s 2P 


6 


4 


4357, 


.78 


0.003 


0.004 


II 


4357, 


.25 


V18 


3p 4P* 


3d 4F 


6 


8 






* 




II 


4357, 


,25 


V63a 


3d 4D 


4f D3* 


10 


14 






* 


* 


II 


4357, 


,52 


V63a 


3d 4D 


4f D3* 


6 


6 


4359, 


.29 


0.012 


0.018 


[Fe II] 


4359, 


.33 




4s 6D 


4s2 6S 


8 


6 


4363, 


.23 


17.330 


25.384 


[0 III] 


4363, 


.23 


2F 


2p2 ID 


2p2 IS 


5 


1 


4366, 


.91 


0.024 


0.035 


II 


4366, 


.89 


V2 


3s 4P 


3p 4P* 


6 


4 


4368, 


.32 


0.033 


0.048 


I 


4368, 


.30 


V5 


3s 3S* 


4p 3P 


3 


1 


4372, 


.34 


0.018 


0.026 


C II 


4372, 


,35 


V45 


3d' 4P* 


4f' 4D 


4 


4 


4376, 


.42 


0.022 


0.031 


C II 


4376, 


.56 


V45 


3d' 4P* 


4f' 4D 


4 


6 


4379, 


.13 


0.045 


0.066 


N III 


4379, 


.11 


V18 


4f 2F* 


5g 2G 


16 


18 






* 


* 


Ne II 


4379, 


,55 


V60b 


3d 2F 


4f 1[4]* 
5p 3P* 


8 


10 






* 


* 


C III 


4379. 


.48 


V14 


4d 3D 


3 


1 


4382, 


.84 


0.001 


0.002 


C III 


4382, 


.90 


V14 


4d 3D 


5p 3P* 


5 


3 


4385, 


.12 


0.0004: 


0.0006 


Ne II 


4384, 


.98 


V59 


3d 2F 


4f 2 [3]* 


6 


6 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


52 


4387.95 


0.256 


0.369 


He I 


4387.93 


V51 


2p IP* 


5d ID 


3 


5 


4391.94 


0.008 


0.011 


Ne II 


4391.99 


V55e 


3d 4F 


4f 2 [5]* 


10 


12 








Ne II 


4392.00 


V55e 


3d 4F 


4f 2 [5]* 
4f 1[4]* 

5gF[4]* 


10 


10 


4397.82 


0.003 


0.004 


Ne II 


4397.99 


V57b 


3d 4F 


6 


8 


4399.64 


0.003 


0.004 


III 


4399.60 


V47 


4f G[4] 


7 


16 


4402.82 


0.008: 


0.011 


S II 


4402.84 


V43 


4p 4D* 


5s 4P 


2 


4 


4405.62 


0.009 


0.013 


II 


4405.98 


V26 


3p 2D* 


3d 2D 


6 


4 


4408.15 


0.011 


0.015 


III 


4408.29 


V46a 


4f G[4] 


5gH[5]* 


7 


9 


4409.26 


0.012 


0.017 


Ne II 


4409.30 


V55e 


3d 4F 


4f 2 [5]* 


8 


10 


4411.11 


0.013 


0.019 


C II 


4411.16 


V39 


3d' 2D* 


4f 2F 


4 


6 


4413.24 


0.012 


0.017 


Ne II 


4413.22 


V65 


3d 4P 


4f 0[3]* 


6 


8 


4414.86 


0.037 


0.052 


II 


4414.90 


V5 


3s 2P 


3p 2D* 


4 


6 


4416.73 


0.025 


0.035 


II 


4416.97 


V5 


3s 2P 


3p 2D* 


2 


4 


4428.62 


0.008 


0.011 


Ne II 


4428.52 


V61b 


3d 2D 


4f 2 [3]* 


6 


8 








Ne II 


4428.64 


V60c 


3d 2F 


4f 1[3]* 
4f 1[3]* 


6 


8 








Ne II 


4428.64 


V60c 


3d 2F 


6 


8 


4431.22 


0.004 


0.006 


N II 


4431.82 


V55a 


3d 3P* 


4f 2[3] 


5 


5 


4434.59 


0.014 


0.019 


III 


4434.60 


V46b 


4f G[5] 
2p IP* 


5g H[6]* 


11 


24 


4437.58 


0.036 


0.050 


He I 


4437.55 


V50 


5s IS 


3 


1 


4442.05 


0.007 


0.009 


N II 


4442.02 


V55a 


3d 3P* 


4f 2 [3] 


3 


5 


4448.09 


0.020 


0.028 


II 


4448.19 


V35 


3p' 2F* 


3d' 2F 


8 


8 


4452.68 


0.042 


0.058 


II 


4452.37 


V5 


3s 2P 


3p 2D* 


4 


4 








III 


4454.03 


V49a 


4f D[3] 


5gF[4]* 


7 


16 








V 


4454.97 


V21 


6g 3G 


7h 3H* 


9 


11 


4457.36 


0.009 


0.012 


No II 


4457.36 


V66c 


3d 4P 


4f 1[3]* 


6 


8 


4458.65 


0.027 


0.038 


III 


4458.55 


V49a 


4f D[3] 


5gF[4]* 


5 


7 


4465.56 


0.023 


0.032 


II 


4465.42 


V94 


3s'" 6S* 


3p"' 6P 


6 


8 


4467.92 


0.018 


0.025 


II 


4467.92 


V94 


3s"' 6S* 


3p"' 6P 


6 


6 


4471.50 


2.388 


3.222 


He I 


4471.50 


V14 


2p 3P* 


4d 3D 


9 


15 


4474.95 


0.016 


0.022 


[Fc II] 


4474.90 




4s 4F 


4p 4F* 


6 


4 


4476.40 


0.008 


0.010 


III 


4476.11 


V45b 


4f G[4] 


5g G[5] 


7 


9 


4477.68 


0.006 


0.008 


II 


4477.90 


V88 


3d 2P 


4f G3* 


4 


6 


4481.30 


0.017 


0.023 


Mg II 


4481.21 


V4 


3d 2D 


4f 2F* 


10 


14 


4488.20 


0.009 


0.012 


II 


4488.20 


V104 


3d' 2P 


4f' D2* 


8 


10 


4491.33 


0.016 


0.021 


II 


4491.23 


V86a 


3d 2P 


4f 3D* 


4 


6 


4498.66 


0.012 


0.016 


Ca I 


4498.73 




4p2 ID 


40p IP* 


5 


3 


4510.83 


0.049 


0.064 


[K IV] 


4510.90 




3p4 ID 


3p4 IS 


5 


1 








N III 


4510.91 


V3 


3s' 4P* 


3p' 4D 


6 


10 


4514.97 


0.017 


0.022 


N III 


4514.86 


V3 


3s' 4P* 


3p' 4D 


6 


8 


4517.04 


0.013 


0.017 


C III 


4516.93 


V9 


4p 3P* 


5s 3S 


5 


3 


4518.26 


0.010 


0.013 


N HI 


4518.15 


V3 


3s' 4P* 


3p' 4D 


2 


2 


4519.88 


0.009 


0.012 


N V 


4520.04 




7g 2G 


9f 2F* 


18 


14 


4523.70 


0.012 


0.016 


N III 


4523.58 


V3 


3s' 4P* 


3p' 4D 


4 


4 


4529.95 


0.019 


0.024 


N II 


4530.41 


V58b 


3d IF* 


4f 2[5] 


7 


9 








N III 


4530.86 


V3 


3s' 4P* 


3p' 4D 


4 


2 


4534.72 


0.014 


0.018 


AT TTT 
N 111 


4534.58 


V3 


3s 4P^ 


3p 4D 


6 


a 
D 


4539.87 


0.022 


0.029 


N HI 


4539.71 


V12 


4p 2P* 


5s 2S 


2 


2 


4541.74 


1.291 


1.651 


He II 


4541.59 


4.9 


4f+ 2F* 


9g+ 2G 


32 


* 


4545.00 


0.012 


0.015 


N III 


4544.85 


V12 


4p 2P* 


5s 2S 


4 


2 


4552.58 


0.005 


0.007 


N II 


4552.53 


V58a 


3d IF* 


4f 2[4] 


7 


9 


4554.70 


0.002 


0.002 


Ba II 


4554.00 




6s 2S 


6p 2P* 


2 


4 


4562.65 


0.017 


0.021 


[Mg I] 


4562.60 




3s2 IS 


3s3p 3P* 


1 


5 


4564.74 


0.003 


0.004 


[Mn V] 


4564.70 




3d3 2F 


3d3 2D1 


6 


6 


4571.21 


0.629 


0.787 


Mg I] 


4571.10 




3s2 IS 


3s3p 3P* 


1 


3 


4587.69 


0.005 


0.006 


C III 


4587.60 


V51 


4f 3D 


5g' 3F* 


* 


* 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


ff2 


4591.13 


0.026 


0.032 


II 


4590.97 


V15 


3s' 2D 


3p' 2F* 


6 


8 


4593.00 


0.010 


0.012 


C III 


4593.30 


V51 


4f' 3D 


5g' 3F* 


7 


9 


4596.34 


0.018 


0.022 


II 


4596.18 


V15 


3s' 2D 


3p' 2F* 


4 


6 


4601.99 


0.007 


0.009 


II 


4602.13 


V92b 


3d 2D 


4f F3* 


4 


6 


4603.99 


0.012 


0.015 


N V 


4603.70 


VI 


3s 2S 


3p 2P* 


2 


4 


4606.68 


0.077 


0.094 


N II 


4607.16 


V5 


3s 3P* 


3p 3P 


1 


3 


4609.44 


0.019 


0.022 


II 


4609.44 


V92a 


3d 2D 


4f F4* 


6 


8 


4610.43 


0.011 


0.014 


II 


4610.20 


V92c 


3d 2D 


4f F2* 


4 


6 


4614.05 


0.006 


0.008 


II 


4613.68 


V92b 


3d 2D 


4f F3* 


6 


8 


4618.81 


0.008: 


0.009 


C II 


4618.40 


V50 


3d' 2F* 


4f 2G 


6 


8 


4620.22 


0.022 


0.026 


N V 


4620.00 




3s 2S 


3p 2P* 


2 


2 








[La V] 


4621.00 




4p5 2P 


5p5 2P 


4 


2 


4621.76 


0.006: 


0.007 


N II 


4621.39 


V5 


3s 3P* 


3p 3P 


3 


1 


4625.52 


0.059 


0.070 


[Ar V] 


4625.54 




3p2 ID 


3p2 IS 


5 


1 


4630.58 


0.018 


0.021 


N II 


4630.54 


V5 


3s 3P* 


3p 3P 


5 


5 


4632.22 


0.158 


0.188 


IV 


4631.89 




5g 2G 


6h 2H* 


18 


32 


4634.27 


1.178 


1.406 


N III 


4634.14 


V2 


3p 2P* 


3d 2D 


2 


4 


4638.99 


0.059 


0.070 


II 


4638.86 


VI 


3s 4P 


3p 4D* 


2 


4 


4640.77 


2.156 


2.556 


N III 


4640.64 


V2 


3p 2P* 


3d 2D 


4 


6 


4641.97 


0.216 


0.256 


N III 


4641.84 


V2 


3p 2P* 


3d 2D 


4 


4 








II 


4641.81 


VI 


3s 4P 


3p 4D* 


4 


6 








N II 


4643.08 


V5 


3s 3P* 


3p 3P 


5 


3 


4647.52 


0.322 


0.381 


C III 


4647.42 


VI 


3s 3S 


3p 3P* 


3 


5 


4649.31 


0.140 


0.165 


II 


4649.13 


VI 


3s 4P 


3p 4D* 


6 


8 


4650.60 


0.237 


0.279 


C III 


4650.25 


VI 


3s 3S 


3p 3P* 


3 


3 








II 


4650.84 


VI 


3s 4P 


3p 4D* 


2 


2 


4654.75 


0.002 


0.002 


I 


4654.56 


V18 


3p 5P 


8d 5D* 


5 


* 


4658.60 


0.641 


0.750 


[Fe III] 


4658.10 


F3 


3d6 5D 


3d6 3F2 


9 


9 








C IV 


4657.15 




5f 2F* 


6g 2G 


14 


18 


4661.73 


0.031 


0.036 


II 


4661.63 


VI 


3s 4P 


3p 4D* 


4 


4 


4665.77 


0.020 


0.023 


C III 


4665.86 


V5 


3s' 3P* 


3p' 3P 


5 


5 


4669.26 


0.024 


0.028 


II 


4669.27 


V89b 


3d 2D 


4f D2* 


4 


6 


4673.97 


0.017 


0.020 


II 


4673.73 


VI 


3s 4P 


3p 4D* 


4 


2 


4676.29 


0.032 


0.037 


II 


4676.24 


VI 


3s 4P 


3p 4D* 


6 


6 


4678.12 


0.006 


0.007 


N II 


4678.14 


V61b 


3d IP* 


4f 2 [2] 
4f D2* 


3 


5 


4680.13 


0.025 


0.029 


II 


4680.58 


V89b 


3d 2D 


6 


6 


4685.87 


41.690 


47.747 


He II 


4685.68 


3.4 


3d+ 2D 


4f+ 2F* 


18 


32 


4691.84 


0.006 


0.007 


II 


4691.42 


V58 


3p' 2P* 


3d' 2P 


2 


2 


4694.73 


0.002 


0.002 


N II 


4694.64 


V61a 


3d IP* 


4f 2 [3] 


3 


5 


4695.93 


0.005 


0.005 


II 


4696.35 


VI 


3s 4P 


3p 4D* 


6 


4 


4698.97 


0.016 


0.018 


II 


4699.00 


V40 


3p' 2D* 


3d' 2F 


6 


8 


4701.63 


0.059 


0.067 


[Fe III] 


4701.62 


F3 


3d6 5D 


3d6 3F2 


7 


7 


4705.41 


0.004 


0.004 


II 


4705.35 


V25 


3p 2D* 


3d 2F 


6 


8 


4707.31 


0.013 


0.015 


N IV 


4707.31 


V21 


5f 3F* 


6g 3G 


* 




4711.50 


1.967 


2.211 


[Ar IV] 


4711.37 


Fl 


3p3 4S* 


3p3 2D* 


4 


6 


4713.24 


0.567 


0.635 


He 1 


4713.17 


V12 


zp 3P^ 


4s 3S 


9 


3 


4714.36 


0.807 


0.903 


[Ne IV] 


4714.36 




2p3 2D* 


2p3 2P* 


6 


2 


4715.80 


0.230 


0.257 


[Ne IV] 


4715.80 




2p3 2D* 


2p3 2P* 


6 


4 


4724.28 


0.725 


0.807 


[Nc IV] 


4724.15 


Fl 


2p3 2D* 


2p3 2P* 


4 


4 


4725.72 


0.610 


0.677 


[Ne IV] 


4725.62 


Fl 


2p3 2D* 


2p3 2P* 


4 


2 


4733.95 


0.029 


0.032 


[Fe III] 


4733.93 




3d6 5D 


3d6 3F2 


5 


5 


4740.35 


7.380 


8.113 


[Ar IV] 


4740.17 


Fl 


3p3 4S* 


3p3 2D* 


4 


4 




* 


* 


N IV 


4740.26 


Vll 


3p' 3D 


3d' 3D* 


3 


5 


4747.12 


0.004 


0.005 


C II 


4747.28 


VI 


2p2 2P 


3p 2P* 


4 


2 




* 


* 


N IV 


4747.96 


Vll 


3p' 3D 


3d' 3D* 


3 


3 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9i 


92 


4752.50 


0.006 


0.007 


II 


4752.68 


V24 


3p 2D* 


3d 4D 


6 


6 








N IV 


4752.49 


Vll 


3p' 3D 


3d' 3D* 


5 


7 


4754.72 


0.030 


0.032 


[Fe III] 


4754.72 




3d6 5D 


3d6 3F2 


7 


9 


4762.35 


0.006 


0.007 


N IV 


4762.09 


Vll 


3p' 3D 


3d' 3D* 


5 


5 


4769.54 


0.022 


0.023 


[Fc III] 


4769.60 




3d6 5D 


3d6 3F2 


5 


7 








N IV 


4769.86 


Vll 


3p' 3D 


3d' 3D* 


5 


3 


4772.32 


0.002 


0.003 


Ne II 


4772.93 




4p 4D* 


5d 4F 


6 


8 


4774.61 


0.004 


0.004 


N II 


4774.24 


V20 


3p 3D 


3d 3D* 


3 


5 


4777.56 


0.016 


0.018 


[Fe III] 


4777.88 




3d6 5D 


3d6 3F2 


3 


5 


4781.92 


0.005 


0.005 


N II 


4781.19 


V20 


3p 3D 


3d 3D* 


5 


7 


4783.34 


0.005 


0.005 


IV 


4783.34 


V9 


3p 4P 


3d 4D* 


4 


6 


4785.93 


0.009 


0.009 


C IV 


4785.90 


V5 


5d 2D 


6p 2P* 


6 


4 


4788.31 


0.005 


0.005 


N II 


4788.13 


V20 


3p 3D 


3d 3D* 


5 


5 








N IV 


4786.92 


Vll 


3p' 3D 


3d' 3D* 


7 


7 


4789.60 


0.011 


0.011 


C IV 


4789.79 




6p 2P* 


8s 2S 


4 


2 


4794.36 


0.005 


0.005 


IV 


4794.26 


V9 


3p' 4P 


3d' 4D* 


4 


4 


4796.47 


0.002 


0.002 


N IV 


4796.70 


Vll 


3p' 3D 


3d' 3D* 


7 


5 


4798.79 


0.004 


0.004 


[Fe II] 


4798.27 




4s 6D 


4s 4P 


2 


4 








IV 


4798.25 


V9 


3p 4P 


3d 4D* 


6 


8 


4800.39 


0.004 


0.004 


IV 


4800.77 


V9 


3p 4P 


3d 4D* 


4 


2 


4802.72 


0.030 


0.032 


C II 


4802.70 


V17.08 


4f 2F* 


8g 2G 


22 


26 


4814.64 


0.016 


0.017 


[Fe II] 


4814.53 




3d7 4F 


4s 4F 


10 


10 


4817.09 


0.002 


0.002 


[Cs IV] 


4817.07 




5p4 3P 


5p4 ID 


5 


5 


4819.64 


0.003 


0.003 


S II 


4819.58 


V52 


4p 2D* 


5s 2P 


4 


2 


4829.06 


0.003 


0.003 


? 












* 


4831.17 


0.004 


0.004 


? 














4833.39 


0.007 


0.007 


Fc II 


4833.13 


V30 


a4H 


z6F* 


12 


10 


4843.46 


0.008 


0.008 


II 


4843.37 


V105 


3d' 2S 


4f' PI* 


4 


6 


4845.45 


0.004 


0.004 


II 


4844.91 


V30 


3p 2S* 


3d 2F 


2 


6 


4852.09 


0.244 


0.245 


He II 


4852.00 






Raman line 












[Fc II] 


4852.73 




3d7 4F 


4s 4F 


8 


4 


4859.35 


2.833 


2.833 


He II 


4859.32 


4.8 


4f+ 2F* 


8g+ 2G 


32 










N III 


4858.82 


V9 


3p' 4D 


3d' 4F* 


6 


10 


4861.49 


100 


100 


H 4 


4861.33 


H4 


2p+ 2P* 


4d+ 2D 


8 


32 








N III 


4861.30 


V9 


3p' 4D 


3d' 4F* 


6 


8 


4867.16 


0.015 


0.015 


N III 


4867.18 


V9 


3p' 4D 


3d' 4F* 


12 


14 


4871.36 


0.008 


0.008 


II 


4871.52 


V57 


3p' 2P* 


3d' 2D 


4 


6 


4873.41 


0.007 


0.007 


N III 


4873.57 


V9 


3p' 4D 


3d' 4F* 


6 


6 








[Fe II] 


4874.49 




3d7 4F 


4s 4F 


8 


6 


4881.03 


0.070 


0.069 


[Fe III] 


4881.11 


F2 


3d6 5D 


3d6 3H 


9 


9 








N III 


4881.81 


V9 


3p' 4D 


3d' 4F* 


6 


4 


4884.13 


0.002 


0.002 


N III 


4884.13 


V9 


3p' 4D 


3d' 4F* 


8 


8 


4887.94 


0.002 


0.002 


[Fe IV] 


4888.60 




3d5 4G 


3d5 4F 


12 


8 


4889.81 


0.014 


0.013 


[Fe II] 


4889.62 




4s 6D 


4s 4P 


8 


6 








II 


4890.85 


V28 


3p 4S* 


3d 4P 


4 


2 


A O AO O O 

4893.83 


0.064 


0.062 


[be VllJ 


4893.83 




3d2 ■ir 


3d2 6r 


5 


3 


4897.23 


0.004 


0.004 


[Cr IV] 


4897.30 




3d3 4F 


3d3 2D2 


6 


4 


4899.66 


0.010 


0.010 


[Fe IV] 


4900.00 




3d5 4G 


3d5 4F 


10 


8 


4902.79 


0.008 


0.008 


[Fe IV] 


4903.10 




3d5 4G 


3d5 4F 


8 


8 


4905.25 


0.011 


0.011 


[Fe II] 


4905.34 




3d7 4F 


4s 4F 


8 


8 


4906.91 


0.023 


0.022 


II 


4906.83 


V28 


3p 4S* 


3d 4P 


4 


4 




* 


* 


[Fc IV] 


4906.60 




3d5 4G 


3d5 4F 


12 


10 


4915.97 


0.003 


0.003 


Ar II 


4915.83 




4d 2G 


5f 2 [5]* 


20 


22 


4917.74 


0.004 


0.004 


[Fe IV] 


4817.90 




3d5 4G 


3d5 4F 


10 


10 


4921.92 


0.978 


0.933 


He I 


4921.93 


V48 


2p IP* 


4d ID 


3 


5 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


9^2 




* 


* 


[SrV] 


4922.20 




4p4 3P 


4p4 ID 


5 


5 


4924.06 


0.013 


0.012 


II 


4924.53 


V28 


3p 4S* 


3d 4P 


4 


6 




* 




[Fe III] 


4924.66 




3d6 5D 


3d6 3H 


9 


11 


4931.11 


0.268 


0.254 


[0 III] 


4931.80 


Fl 


2p2 3P 


2p2 ID 


1 


5 


4934.01 


0.004 


0.004 


Ba II 


4934.10 




6s 2S 


6p 2P* 


2 


2 


4942.62 


0.051 


0.048 


[Fe VII] 


4942.50 




3d2 3F 


3d2 3P 


7 


5 


4944.56 


0.046 


0.043 


N V 


4944.56 


V9 


6f+ 2F* 


7g+ 2G 




* 


4946.52 


0.028 


0.026 


[Ni IV] 


4946.70 




3d7 2P 


3d7 2F 


4 


8 


4948.53 


0.027 


0.026 


N III 


4948.80 




7p 2D 


4d 2D* 


4 


4 


4958.98 


608.300 


563.946 


[0 III] 


4958.91 


Fl 


2p2 3P 


2p2 ID 


3 


5 


4964.97 


0.077 


0.071 


C II 


4964.73 


V25 


3p' 2P 


3d' 2P* 


4 


4 


4967.32 


0.064 


0.059 


[Fe VI] 


4967.32 




3d3 4F 


3d3 2G 


8 


10 


4969.11 


0.050 


0.046 


I 


4968.79 


V14 


3p 5P 


6d 5D* 


7 


5 


4971.36 


0.032 


0.030 


[Cr IV] 


4971.50 




3d3 4F 


3d3 2D2 


8 


6 


4972.71 


0.184 


0.169 


[Fe VI] 


4972.50 




3d3 4F 


3d3 2G 


6 


8 


4975.51 


0.017 


0.016 


N I 


4975.04 


V77 


3p 4P* 


8d4D 


12 


10 


4988.50 


0.098 


0.089 


[Fe VII] 


4988.80 




3d7 3F 


3d2 3P 


5 


1 


4992.22 


0.073 


0.066 


? 


* 








* 


* 


4994.27 


0.151 


0.136 


N II 


4994.36 


V24 


3p 3S 


3d 3P* 


3 


3 


4996.47 


0.125 


0.112 


? 










* 


* 


5000.78 


0.207 


0.186 


Fe II 


5000.74 


V25 


b4P 


z6F* 


2 


4 


5006.88 


1845.10 


1657.92 


[0 III] 


5006.84 


Fl 


2p2 3P 


2p2 ID 


5 


5 


5012.99 


0.203 


0.180 


Fe I 


5012.68 


V1093 


y5F* 


e5H 


5 


7 


5015.65 


1.465 


1.300 


He I 


5015.68 


V4 


2s IS 


3p IP* 


1 


3 




* 


* 


C IV 


5016.58 


V3 


5p 2P* 


6s 2S 


2 


2 


5019.36 


0.066 


0.059 


C IV 


5018.39 


V3 


5p 2P* 


6s 2S 


4 


2 


5021.45 


0.045 


0.040 


N III 


5021.70 




4d 2D* 


5p 2D 


6 


6 


5025.57 


0.020 


0.018 


N II 


5025.66 


V19 


3p 3D 


3d 3F* 


7 


7 


5031.98 


0.034 


0.030 


C II 


5032.07 


V17 


2p3 2P* 


3p' 2D 


4 


6 


5033.84 


0.012 


0.011 


[Fc IV] 


5033.60 




3d5 2F2 


3d5 4G 


8 


6 


5035.92 


0.028 


0.024 


[Fc II] 


5035.40 




3d7 2P 


4s 2D 


4 


4 


5038.24 


0.016 


0.014 


C I 


5039.07 


VlS.Olb 


2p3 3D* 


4f 1[4] 


7 


* 


5041.00 


0.278 


0.242 


Si II 


5041.03 


V5 


4p 2P* 


4d 2D 


2 


4 




* 


* 


N II 


5040.72 


V19 


3p 3D 


3d 3F* 


7 


5 


5044.33 


0.010 


0.009 


Fe I 


5044.21 


V318 


z7F* 


e7D 


9 


11 


5047.71 


0.178 


0.154 


He I 


5047.74 


V47 


2p IP* 


4s IS 


3 


1 


5056.11 


0.137 


0.117 


Si H 


5056.31 


V5 


4p 2P* 


4d 2D 


4 


4 


5058.48 


0.007 


0.006 


Fe I 


5058.50 


V884 


b3D 


v3D* 


7 


7 


5069.44 


0.027 


0.023 


Mg II 


5069.07 




4d 2D 


8p 2P* 


4 


4 




* 


* 


Mg II 


5069.80 




4d 2D 


8p 2P* 


4 


2 


5072.43 


0.019 


0.016 


[Fe II] 


5072.39 




3d7 4F 


4s 4H 


10 


10 




* 




C IV 


5073.20 




7s 2S 


lOp 2P* 


2 


6 


5079.78 


0.008 


0.007 


[Rb V] 


5080.20 




5p3 2D 


5p3 2P 


4 


4 


5084.58 


0.008 


0.007 


[Fe III] 


5084.85 




3d6 5D 


3d6 3P2 


1 


3 




* 




VI 


5084.00 


Vll 


7p 2P* 


8d 2D 


6 


10 


5085.93 


0.012 


0.010 


? 


* 








* 


* 


5092.63 


0.019 


0.016 


C IV 


5093.10 




8g 2G 


15h 2H* 


* 




5094.78 


0.003 


0.002 


C III 


5095.20 




4d' IP* 


5f ID 


* 




5111.55 


0.013 


0.011 


[Fe II] 


5111.63 




3d7 4F 


4s 4H 


10 


12 


5113.97 


0.019 


0.015 


V 


5114.10 




3s IS 


3p IP* 


1 


3 


5119.67 


0.016 


0.014 


C II 


5120.10 


V12 


4p 2P* 


3p' 2P 


2 


4 


5121.57 


0.046 


0.038 


C II 


5121.69 


V12 


4p 2P* 


3p' 2P 


4 


4 


5127.28 


0.009 


0.007 


C II 


5126.93 


V12 


4p 2P* 


3p' 2P 


4 


2 


5131.06 


0.142 


0.115 


I 


5131.30 




3p 3P 


8d 3D* 


* 


* 


5133.46 


0.016 


0.013 


C II 


5133.28 


V16 


3s' 4P* 


3p' 4P 


4 


6 
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Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


92 


5143.38 


0.016 


0.013 


C II 


5143.38 


V16 


3s' 4P* 


3p' 4P 


4 


2 


5145.83 


0.219 


0.176 


[Fe VI] 


5146.80 




3d3 4F 


3d3 2G 


8 


8 


5151.00 


0.011 


0.009 


C II 


5151.09 


V16 


3s' 4P* 


3p' 4P 


6 


4 


5158.75 


0.183 


0.145 


[Fe II] 


5158.78 




3d7 4F 


4s 4H 


10 


14 








[Fc VII] 


5158.89 




3d2 3F 


3d2 3P 


7 


3 


5161.94 


0.007 


0.006 


Ne II 


5161.96 




3d 2D 


9f 1[3]* 


6 


8 


5172.72 


0.019 


0.015 


[Fe II] 


5172.47 




3d7 2P 


4s 2D 


2 


4 


5176.35 


0.203 


0.159 


[Fc VI] 


5176.43 




3d3 4F 


3d3 2G 


10 


10 


5179.94 


0.018 


0.014 


N II 


5179.35 


V70 


3p' 5P* 


3d' 5D 


7 


9 


5183.55 


0.022 


0.017 


N II 


5183.21 


V70 


3p' 5P* 


3d' 5D 


7 


7 


5189.03 


0.002 


0.002 


N II 


5190.38 


V66 


3p' 5D* 


3d' 5F 


9 


9 


5191.68 


0.343 


0.266 


[Ar III] 


5191.82 


F3 


2p4 ID 


2p4 IS 


5 


1 


5197.85 


0.417 


0.322 


[N I] 


5197.51 


VIF 


2p3 4S* 


2p3 2D* 


4 


4 


5200.20 


0.243 


0.187 


[N I] 


5200.26 


Fl 


2p3 4S* 


2p3 2D* 


4 


6 


5208.74 


0.005 


0.004 


Ne I 


5208.87 


V25.1 


3p 2 [2] 


5d 2 [2]* 


5 


5 


5220.08 


0.012 


0.009 


[Fe II] 


5220.06 




3d7 4F 


4s 4H 


8 


10 


5234.14 


0.027 


0.020 


[Fe VI] 


5234.30 




3d3 4F 


3d3 4P 


6 


6 








[Fe IV] 


5233.80 




3d5 4G 


3d5 2F2 


10 


8 


5249.17 


0.007 


0.005 


C III 


5249.11 


V23 


4d ID 


5p IP* 


5 


3 


5253.95 


0.004 


0.003 


C III 


5253.58 


V4 


3s' 3P* 


3p' 3S 


3 


3 


5259.34 


0.013 


0.009 


C II 


5259.06 


V30 


3d' 4F* 


4p' 4D 


8 


6 








C II 


5259.71 


V30 


3d' 4F* 


4p' 4D 


10 


6 


5261.51 


0.041 


0.030 


[Fc II] 


5261.62 




3d7 4F 


4s 4H 


8 


12 


5266.90 


0.004 


0.003 


II 


5267.27 




4f G3* 


4d' 2F 


8 


6 


5270.41 


0.129 


0.094 


[Fe III] 


5270.40 




3d6 5D 


3d6 3P2 


7 


5 


5273.19 


0.011 


0.008 


[Fc II] 


5273.35 




3d7 4F 


4s 4P 


10 


6 


5276.45 


0.045 


0.033 


[Fe VII] 


5276.40 




3d2 3F 


3d2 3P 


9 


5 


5277.91 


0.049 


0.035 


[Fe VI] 


5277.80 




3d3 4F 


3d3 4P 


4 


4 


5298.99 


0.021 


0.015 


N III 


5298.95 


V15 


3p 4P 


3d 4P 


6 


4 


5304.68 


0.038 


0.027 


C III 


5305.10 


V46 


5f 3F* 


7g 3G 






5309.23 


0.337 


0.239 


[Ca V] 


5308.90 




3p4 3P 


3p4 ID 


5 


5 


5323.09 


0.086 


0.060 


[CI IV] 


5323.27 




3p2 ID 


3p2 IS 


5 


1 


5335.19 


0.147 


0.102 


[Fc VI] 


5335.23 




3d3 4F 


3d3 4P 


4 


2 








C II 


5332.89 


VI 1 


4p 2P* 


6s 2S 


2 


2 








[Fc II] 


5333.45 




3d7 4F 


4s 411 


6 


10 


5342.30 


0.050 


0.034 


C II 


5342.38 


V17.06 


4f 2F* 


7g 2G 


22 


26 








[P I] 


5339.62 




3p3 4S* 


3p3 2P* 


4 


2 


5345.99 


0.215 


0.148 


C III 


5345.80 


V13.01 


4d 3D 


3d' 3P* 


5 


3 








[Kr IV] 


5346.10 




4p3 4S 


4p3 2D 


4 


6 


5358.24 


0.007 


0.005 


Nc I 


5358.00 




3p 2 [3/2] 


5d 2 [3/2]* 


5 


3 


5363.55 


0.006 


0.004 


[Ni IV] 


5363.30 




3d7 4F 


3d7 2G 


8 


10 








C II 


5364.67 


V54 


4s' 4P* 


5p' 4D 


4 


6 


5367.70 


0.005 


0.003 


C II 


5367.67 


V54 


4s' 4P* 


5p' 4D 


6 


8 


5370.45 


0.009 


0.006 


[Fe VI] 


5370.30 




3d3 4F 


3d3 2G 


10 


8 


5376.24 


0.015 


0.010 


[Fe II] 


5376.40 




3F 4d4H 


4f 4 [5]* 


10 


10 


5380.28 


0.001: 


0.0007 


[Kb IV] 


C O O A AA 

5380.00 




4p2 6r 


4p2 ID 


3 


r 

5 


5411.52 


5.500 


3.615 


He II 


5411.52 


4.7 


4f+ 2F* 


7g+ 2G 


32 


98 


5424.96 


0.179 


0.117 


[Fe VI] 


5424.40 




3d3 4F 


3d3 4P 


6 


4 




* 


* 


[Fc VI] 


5426.60 




3d3 4F 


3d3 4P 


8 


6 


5433.37 


0.009 


0.006 


VI 


5433.00 


V12 


7d 2D 


8p 2P* 


10 


6 




* 


* 


[Sr VI] 


5434.40 




4p3 2D 


5p3 2P 


4 


2 


5441.20 


0.003 


0.002 


[Fc III] 


5440.02 




3d6 5D 


3d6 3p 


1 


5 


5445.00 


0.003 


0.002 


S II 


5444.97 


V2 


3d 5D* 


4p 5P 


* 


* 


5451.09 


0.006 


0.004 


N II 


5452.08 


V29 


3p 3P 


3d 3P* 


1 


3 


5454.21 


0.003 


0.002 


N II 


5454.22 


V29 


3p 3P 


3d 3P* 


3 


1 
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Table 2. continued. 



•^obs 


F(A) 


m 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


9^2 


5461.04 


0.012 


0.008 


[Ca VI] 


5460.70 




3p3 2D* 


3p3 2P* 


4 


4 






* 


N II 


5462.60 


V29 


3p 3P 


3d 3P* 


3 


3 


5465.33 


0.009 


0.006 


Fe II 


5465.56 




4p sp6D* 


4p2 6D 


8 


10 


5470.42 


0.106 


0.067 


C IV 


5470.68 




7g2G 


lOf 2F* 


18 


14 


5476.82 


0.002 


0.001 


N II 


5476.13 




3s' 3P 


7d 3D* 


5 


5 


5479.16 


0.002 


0.001 


N II 


5480.06 


V29 


3p 3P 


3d 3P* 


8 


8 






* 


C II 


5478.59 


V34 


3d' 4D* 


4p' 4D 


8 


8 


5484.92 


0.111 


0.070 


[Fc VI] 


5484.80 




3d3 4F 


3d3 4P 


6 


2 


5495.88 


0.012: 


0.007 


N II 


5495.65 


V29 


3p 3P 


3d 3P* 


5 


5 


5504.67 


0.007 


0.004 


N II 


5504.67 




4p 3D 


5d 3P* 


5 


3 


5509.54 


0.006: 


0.004 


S II 


5509.71 


V6 


4s 4P 


4p 4D* 


4 


4 


5512.95 


0.017 


0.010 


I 


5512.60 


V25 


3p 3P 


6d 3D* 


8 


8 




* 


* 


I 


5512.77 


V25 


3p 3P 


6d 3D* 


15 


15 




* 


* 


I 


5512.82 


V25 


3p 3P 


6d 3D* 


1 


3 


5517.68 


0.308 


0.189 


[CI III] 


5517.66 


Fl 


2p3 4S* 


2p3 2D* 


4 


6 


5527.30 


0.028 


0.017 


[Fe II] 


5527.61 




4s 4D 


4s 2P 


2 


2 


5530.80 


0.011 


0.007 


N II 


5530.24 


V63 


3s' 5P 


3pd' 5D* 


5 


7 


5537.80 


1.063 


0.646 


[CI III] 


5537.60 


Fl 


2p3 4S* 


2p3 2D* 


4 


4 




* 


* 


C II 


5535.35 


VIO 


4s 2S 


5p 2P* 


2 


4 




* 


* 


[Mn VI] 


5536.50 




3d2 3F 


3d2 3P 


5 


3 


5551.36 


0.011 


0.007 


[Fe II] 


5551.31 




3d7 4P 


4s 4D 


6 


8 


5554.68 


0.012 


0.007 


I 


5554.83 


V24 


3p 3P 


7s 3S* 


3 


3 


5572.64 


0.003 


0.002 


V 


5571.84 


V3 


3p 3P* 


3d 3D 


1 


3 


5577.27 


0.356 


0.212 


[0 I] 


5577.34 


F3 


2p4 ID 


2p4 IS 


5 


1 


5586.62 


0.004 


0.003 


[Ca VI] 


5586.30 




3p3 2D* 


3p3 2P* 


6 


4 


5592.23 


0.178 


0.105 


III 


5592.37 


V5 


3s IP* 


3p IP 


3 


3 




* 


* 


[Mn VI] 


5590.70 




3d2 3F 


3d2 3P 


7 


5 


5596.60 


0.004 


0.003 


Si III 


5596.89 


V18 


5d 3D 


7p 3P* 


3 


5 


5602.27 


0.034 


0.020 


[K VI] 


5602.40 




3p2 3P 


3p2 ID 


3 


5 


5618.75 


0.006 


0.003 


[Ca VII] 


5618.80 




3p2 3P 


3p2 ID 


5 


5 


5622.27 


0.025 


0.014 


[Mn VI] 


5622.10 




3d2 3F 


3d2 3P 


5 


1 


5625.76 


0.002 


0.001 


C I 


5625.80 




3p 3P 


8d IF* 


5 


7 


5631.00 


0.143 


0.083 


[Fc VI] 


5631.10 




3d3 4F 


3d3 4P 


8 


4 




* 


* 


[Ca VI] 


5631.70 




3p3 2D* 


3p3 2P* 


4 


2 


5650.05 


0.007: 


0.004 


[Fc II] 


5649.66 




3d7 4P 


3d6 4D 


4 


2 


5660.27 


0.035 


0.020 


S II 


5659.95 


Vll 


3d 4F 


4p 4D* 


6 


4 


5666.71 


0.025 


0.014 


N II 


5666.63 


V3 


3s 3P* 


3p 3D 


3 


5 


5676.91 


0.167 


0.094 


N II 


5676.02 


V3 


3s 3P* 


3p 3D 


1 


3 




* 


* 


[Fc VI] 


5677.00 




3d3 4F 


3d3 4P 


10 


6 


5679.57 


0.058 


0.033 


N II 


5679.56 


V3 


3s 3P* 


3p 3D 


5 


7 


5685.51 


0.034 


0.019 


N II 


5686.21 


V3 


3s 3P* 


3p 3D 


3 


3 


5689.00 


0.002 


0.001 


Ne I 


5689.82 




3p 2[1] 


5s 2 [2]* 


3 


5 


5692.08 


0.039 


0.022 


[Mn V] 


5692.00 




3d3 4F 


3d3 2G 


8 


10 


5695.92 


0.014 


0.008 


C III 


5695.92 




3p IP* 


3d ID 


3 


5 






* 


[Ba IV] 


5696.60 




4p5 2P 


5p5 2P 


4 


2 


5701.95 


0.048 


0.026 


[Mn V] 


5701.80 




3d3 4F 


3d3 2G 


6 


8 


5709.23 


0.015 


0.009 


[Xe IV] 


5709.20 




5p3 4S 


5p3 2D 


4 


6 


5710.90 


0.007: 


0.004 


N II 


5710.77 


V3 


3s 3P* 


3p 3D 


5 


5 




* 


* 


[Mn V] 


5711.20 




3d3 2P 


3d3 2F 


4 


8 


5721.17 


0.504 


0.278 


[F III] 


5721.20 




2p3 2D* 


2p3 2P* 


6 


4 






* 


[Fe VII] 


5720.70 




3d2 3F 


3d2 3F 


5 


5 


5732.40 


0.021 


0.012 


[F III] 


5732.90 




2p3 2D* 


2p3 2P* 


4 


4 


5736.63 


0.002 


0.001 


N IV 


5736.94 


V9 


3p' IP 


3d' ID* 


3 


5 


5739.58 


0.004 


0.002 


Si III 


5739.73 


V4 


4s IS 


4p IP* 


1 


3 


5754.60 


10.630 


5.764 


[N II] 


5754.60 


F3 


2p2 ID 


2p2 IS 


5 


1 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9i 


92 










He II 


5752. 


.00 


5.50 


5g+ 2G 


50h+ 2H* 


50 










* 


He II 


5754, 


,40 


5.49 


5g+ 2G 


49h+ 2H* 


50 


* 










He II 


5757, 


,00 


5.48 


5g+ 2G 


48h+ 2H* 


50 




5759, 


.44 


0.051 


0.028 


He II 


5759. 


.44 


5.47 


5g+ 20 


47h+ 2H* 


50 












[Rb IV] 


5759, 


,40 




4p4 3P 


4p4 ID 


5 


5 


5762, 


.63 


0.013 


0.007 


He II 


5762, 


,63 


5.46 


5g+ 20 


46h+ 2H* 


50 




5765, 


.78 


0.009 


0.005 


[Ca VI] 


5765, 


.40 




3p3 2D* 


3p3 2P* 


6 


2 










He II 


5765, 


,70 


5.45 


5g+ 20 


45h+ 2H* 


50 




5769, 


.20 


0.011 


0.006 


He II 


5769, 


,20 


5.44 


5g+ 20 


44h+ 2H* 


50 




5772, 


.20 


0.018 


0.009 


He II 


5772. 


.20 


5.43 


5g+ 20 


43h+ 2H* 


50 




5776, 


.56 


0.035 


0.019 


He II 


5776, 


,40 


5.42 


5g+ 20 


42h+ 2H* 


50 












[Mn VI] 


5775, 


.00 




3d2 3F 


3d2 3P 


7 


3 


5780, 


.31 


0.011 


0.006 


He II 


5780. 


.50 


5.41 


5g+ 20 


41h+ 2H* 


50 




5784, 


.94 


0.024 


0.013 


He II 


5784, 


,94 


5.40 


5g+ 20 


40h+ 2H* 


50 




5789, 


.73 


0.026 


0.014 


He II 


5789, 


,65 


5.39 


5g+ 20 


39h+ 2H* 


50 




5794, 


.57 


0.031 


0.016 


He II 


5794. 


.57 


5.38 


5g+ 20 


38h+ 2H* 


50 




5801, 


.35 


0.624 


0.328 


C IV 


5801, 


,33 


VI 


3s 2S 


3p 2P* 


2 


4 










He II 


5800, 


,40 


5.37 


5g+ 20 


37h+ 2H* 


50 




5806, 


.63 


0.039 


0.020 


He II 


5806. 


.50 


5.36 


5g+ 20 


36h+ 2H* 


50 




5812, 


.11 


0.402 


0.211 


C IV 


5811, 


,98 


VI 


3s 2S 


3p 2P* 


2 


2 










He II 


5813, 


,10 


5.35 


5g+ 20 


35h+ 2H* 


50 




5820, 


.55 


0.041 


0.022 


[Ni IV] 


5820, 


.10 




3d7 4F 


3d7 4P 


8 


4 










He II 


5820, 


,40 


5.34 


5g+ 20 


34h+ 2H* 


50 




5828, 


.37 


0.041 


0.021 


He II 


5828, 


,60 


5.33 


5g+ 20 


33h+ 2H* 


50 




5832, 


.91 


0.007 


0.004 


Fe II 


5832, 


.89 




3F 4p40* 


3F 4d4F 


6 


6 


5837, 


.04 


0.051 


0.026 


He II 


5836, 


,50 


5.32 


5g+ 20 


32h+ 2H* 


50 




5841, 


.25 


0.002 


0.001 


N I 


5840, 


,89 


V60 


3p 4P* 


6s 4P 


4 


4 


5846, 


.76 


0.075 


0.039 


He II 


5847, 


,10 


5.31 


5g+ 20 


31h+ 2H* 


50 












[Xc III] 


5846, 


,70 




5p3 3P 


5p3 ID 


5 


5 


5857, 


.26 


0.057 


0.029 


He II 


5857, 


,27 


5.30 


5g+ 20 


30h+ 2H* 


50 




5861, 


.31 


0.052 


0.026 


[Mn V] 


5861, 


,00 




3d3 4F 


3d3 20 


8 


8 


5867, 


.82 


0.495 


0.253 


[Kr IV] 


5868, 


,00 




4p3 4S 


3d3 20 


4 


4 










He II 


5869, 


,00 


5.29 


5g+ 20 


29h+ 2H* 


50 




5875, 


.68 


21.410 


10.866 


He I 


5875, 


,66 


Vll 


2p 3P* 


3d 3D 


9 


15 


5882, 


.00 


0.041 


0.021 


He II 


5882, 


,14 


5.28 


5g+ 20 


28h+ 2H* 


50 




5885, 


.71 


0.074 


0.038 


[Mn V] 


5885, 


,40 




3d3 4F 


3d3 20 


10 


10 


5897, 


.09 


0.071 


0.035 


He II 


5896, 


,79 


5.27 


5g+ 20 


27h+ 2H* 


50 




5913, 


.32 


0.084 


0.042 


He II 


5913, 


,26 


5.26 


5g+ 20 


26h+ 2H* 


50 




5927, 


.73 


0.004 


0.002 


N II 


5927, 


,81 


V28 


3p 3P 


3d 3D* 


1 


3 


5931, 


.94 


0.098 


0.048 


He II 


5931, 


,84 


5.25 


5g+ 20 


25h+ 2H* 


50 




5940, 


.09 


0.008 


0.004 


N II 


5940, 


.24 


V28 


3p 3P 


3d 3D* 


3 


3 


5946, 


.22 


0.006 


0.003 


HI 


5946, 


.37 




4d 3F* 


3s 3D 


5 


7 


5953, 


.01 


0.112 


0.056 


He II 


5952, 


,94 


5.24 


5g+ 20 


24h+ 2H* 


50 


* 


5958, 


.28 


0.023 


0.011 


I 


5958, 


.39 


V23 


3p 3P 


5d 3D* 


6 


8 










I 


5958, 


.58 


V23 


3p 3P 


5d 3D* 


15 


15 










r\ T 
(J 1 


5958, 


,58 


V23 


3p 3P 


5d 3D^ 


1 


3 


5977, 


.23 


0.139 


0.067 


He II 


5977. 


.03 


5.23 


5g+ 20 


23h+ 2H* 


50 


* 


5990, 


.10 


0.008 


0.004 


[Mn V] 


5990, 


.10 




3d3 4F 


3d3 4P 


6 


6 


6004, 


.85 


0.146 


0.069 


He II 


6004, 


,73 


5.22 


5g+ 20 


22h+ 2H* 


50 


* 


6024, 


.87 


0.018 


0.009 


[Mn V] 


6024, 


.40 




3d3 4F 


3d3 4P 


4 


4 


6036, 


.86 


0.165 


0.077 


He II 


6036, 


,70 


5.21 


5g+ 20 


21h+ 2H* 


50 


* 


6046, 


.42 


0.032 


0.015 


I 


6046, 


,23 


V22 


3p 3P 


6s 3S* 


3 


3 






* 


* 


I 


6046, 


.44 


V22 


3p 3P 


6s 3S* 


5 


3 






* 




I 


6046, 


.49 


V22 


3p 3P 


6s 3S* 


1 


3 


6074, 


.26 


0.195 


0.089 


He II 


6074. 


.10 


5.20 


5g+ 20 


20h+ 2H* 


50 


* 
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Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


92 


6083.73 


0.039 


0.018 


[Mn V] 


6083.73 




3d3 4F 


3d3 4P 


4 


2 


6086.86 


1.022 


0.461 


[Ca V] 


6086.92 




3p4 3P 


3p4 ID 


3 


5 








[Fe VII] 


6086.90 




3d2 3F 


3d2 ID 


7 


5 








[Ba V] 


6085.08 




5p4 3P 


5p4 3P 


5 


3 


6096.47 


0.003 


0.001 


[Fe III] 


6096.30 




3d6 3P2 


3d6 1D2 


5 


5 


6101.80 


0.897 


0.406 


[K IV] 


6101.83 


Fl 


3p4 3P 


3d4 ID 


5 


5 


6107.94 


0.011 


0.005 


[Kr IV] 


6107.80 




5p3 2D 


5d3 2P 


4 


4 


6115.01 


0.011 


0.005 


N II 


6114.60 


V36 


3d 3F* 


4p 3D 


5 


7 


6118.31 


0.232 


0.104 


He II 


6118.20 


5.19 


5g+ 2G 


19h+ 2H* 


50 


^ 


6126.05 


0.012 


0.006 


C III 


6126.30 




7h IH* 


16i 11 


11 


13 








C III 


6126.30 




7h 3H* 


16i 31 


^ 


^ 








[Ni IV] 


6124.10 




3d7 4F 


3d7 4P 


6 


4 


6130.63 


0.024 


0.011 


[Br III] 


6131.00 




4p3 4S 


4p3 2D 


4 


4 








Fe II 


6129.71 




c4P 


x4F* 


6 


6 


6134.20 


0.016 


0.007 


[Ar V] 


6133.50 




3p2 3P 


3p2 ID 


1 


5 


6141.88 


0.016 


0.007 


Ba II 


6141.70 




5d 2D 


6p 2P* 


6 


4 


6151.26 


0.064 


0.028 


C II 


6151.43 


V16.04 


4d 2D 


6f 2F* 


16 


20 








C IV 


6150.20 




8s 2S 


12p 2P* 


2 


6 


6157.44 


0.042 


0.019 


[Mn V] 


6157.60 




3d3 4F 


3d3 4P 


6 


4 


6161.48 


0.009 


0.004 


[CI II] 


6161.84 




3p4 ID 


3p4 IS 


5 


1 


6165.99 


0.028 


0.012 


[Mn V] 


6166.00 




3d3 4F 


3d3 4P 


8 


6 


6170.75 


0.296 


0.129 


He II 


6170.60 


5.18 


5g+ 2G 


18h+ 2H* 


50 




6205.73 


0.009 


0.004 


? 














6219.17 


0.029 


0.013 


[Mn V] 


6219.10 




3d3 2D2 


3d3 2F 


6 


2 








[Ni IV] 


6218.70 




3d7 4F 


3d7 4P 


6 


6 


6222.20 


0.015 


0.006 


Ne II 


6221.65 




4p 2D* 


4s' 2D 


6 


4 








Ne II 


6221.79 




4p 2D* 


4s' 2D 


6 


6 


6228.41 


0.097 


0.041 


[K IV] 


6228.60 




3p2 3P 


3p2 ID 


5 


5 


6233.89 


0.329 


0.140 


He II 


6233.80 


5.17 


5g+ 2G 


17h+ 2H* 


50 


^ 


6239.75 


0.004 


0.002 


Fe II 


6239.95 


V74 


4s 4D 


4s 4P* 


2 


4 


6242.57 


0.002 


0.001 


N II 


6242.41 


V57 


3d IF* 


4p ID 


7 


5 


6246.87 


0.003 


0.001 


Ne I 


6246.73 




3p 2 [3] 


5s 2 [2]* 


5 


5 


6251.03 


0.030 


0.013 


C II 


6250.74 


V38.03 


3d' 2D* 


4p' 2P 


6 


4 


6256.47 


0.059 


0.025 


C II 


6256.54 


V38.03 


3d' 2D* 


4p' 2P 


4 


2 








[Kr V] 


6256.50 




5p2 3P 


5p2 ID 


3 


5 


6273.63 


0.110 


0.046 


? 










% 


^ 


6280.40 


0.023 


0.009 


[Fe II] 


6279.95 




3d6 2D2 


4s 2S 


4 


2 


6300.35 


33.060 


13.582 


[0 I] 


6300.34 


Fl 


2p4 3P 


2p4 ID 


5 


5 


6312.10 


10.330 


4.230 


[S III] 


6312.10 


F3 


2p2 ID 


2p2 IS 


5 


1 








He II 


6310.80 


5.16 


5g+ 2G 


16h+ 2H* 


50 


^ 


6343.73 


0.046 


0.019 


[Mn V] 


6343.60 




3d3 4F 


3d3 4P 


8 


4 


6347.17 


0.158 


0.063 


Si II 


6347.09 


V2 


4s 28 


4p 2P* 


2 


4 


6363.78 


11.070 


4.421 


[0 I] 


6363.78 


Fl 


2p4 3P 


2p4 ID 


3 


5 


6371.39 


0.292 


0.116 


Si II 


6371.38 


V2 


4s 2S 


4p 2P* 


2 


2 


6376.75 


0.008 


0.003 


[Cr V] 


6377.20 




3d2 3F 


3d2 3P 


5 


3 


6393.70 


0.093 


0.037 


[Mn VJ 


6393.60 




AAA 41" 


3d3 4P 


10 


6 




* 


* 


[0 1] 


6391.73 


Fl 


2p4 3P 


2p4 ID 


1 


5 


6406.48 


0.530 


0.208 


He II 


6406.30 


5.15 


5g+ 2G 


15h+ 2H* 


50 


* 




* 


* 


[Xc VI] 


6408.89 




5p 2P 


6p 2P 


2 


4 


6435.10 


3.391 


1.308 


[Ar V] 


6435.10 




3p2 3P 


3p2 ID 


3 


5 




* 


* 


[Cr V] 


6436.20 




3d2 3F 


3d2 3P 


7 


5 


6440.34 


0.010 


0.004 


[Ni II] 


6441.29 




4s 2F 


4s 2P 


8 


4 


6446.98 


0.003 


0.001 


[KV] 


6446.30 




3p3 2D* 


3p3 2P* 


6 


2 


6451.86 


0.013 


0.005 


[Ni IV] 


6450.90 




3d7 4F 


3d7 4P 


4 


6 




* 




N III 


6450.78 




3p 4P 


3d 4D* 


2 


2 
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Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


92 








[Cr V] 


6453.20 




2d2 3F 


2d2 3P 


5 


1 


6461.86 


0.159 


0.060 


C II 


6461.95 




4f 2F* 


6g 2G 


22 


26 


6466.04 


0.022 


0.008 


V 


6466.13 


V7.01 


3p' 3D 


3d' 3F* 


5 


7 


6471.31 


0.009 


0.004 


[Mn V] 


6471.30 




3d3 2H 


3d3 2F 


10 


8 


6473.73 


0.011 


0.004 


[Fc II] 


6473.86 




3d7 2G 


3d7 2F 


8 


6 


6478.08 


0.022 


0.008 


N III 


6478.69 




3p 4P 


3d 4D* 


6 


6 


6481.97 


0.012 


0.004 


N II 


6482.05 


V8 


3s IP* 


3p IP 


3 


3 


6500.55 


0.049 


0.018 


V 


6500.24 


V7.01 


3p' 3D 


3d' 3F* 


7 


9 


6506.72 


0.006 


0.002 


II 


6506.03 




3d' 2F 


4p' 2F* 


8 


8 


6510.94 


0.010 


0.004 


II 


6510.75 




3d' 2F 


4p' 2F* 


6 


6 


6516.16 


0.090 


0.034 


N II 


6516.15 




4d IP* 


6f 2[3] 


3 


5 


6527.16 


0.683 


0.253 


He II 


6527.11 


5.14 


5g+ 2G 


14h+ 2H* 


50 


* 


6548.14 


90.220 


33.086 


[Nil] 


6548.10 


Fl 


2p2 3P 


2p2 ID 


3 


5 


6559.86 


15.910 


5.798 


He II 


6560.00 


4.6 


4f+ 2F* 


6g+ 2G 


32 


72 


6562.94 


744.000 


271.127 


H 3 


6562.77 


H3 


2p+ 2P* 


3d+ 2D 


8 


18 


6578.01 


0.637 


0.231 


C II 


6578.01 


V2 


3s 2S 


3p 2P* 


2 


4 


6583.53 


259.200 


93.567 


[N II] 


6583.50 


Fl 


2p2 3P 


2p2 ID 


5 


5 


6616.02 


0.041 


0.014 


Ne II 


6615.72 




5g 1[3] 


4f' 2[1]* 


6 


4 


6628.45 


0.005 


0.002 


[Ni IV] 


6629.10 




3d7 2D2 


3d7 2F 


4 


8 


6640.34 


0.009 


0.003 


II 


6641.03 


V4 


3s 2P 


3p 2S* 


2 


2 


6653.65 


0.018 


0.006 


ERE 














6667.64 


0.013 


0.004 


[Ni II] 


6666.8 




3d9 2D 


4s 2F 


6 


6 


6678.19 


7.324 


2.538 


He I 


6678.16 


V46 


2p IP* 


3d ID 


3 


5 


6683.28 


0.933 


0.322 


He II 


6683.20 


5.13 


5g+ 2G 


13h+ 2H* 


50 


* 


6700.46 


0.003 


0.001 


[Ni II] 


6700.24 




4s 4F 


4s 2D 


6 


6 








[Fe II] 


6700.64 




3d7 2G 


4s 2G 


10 


8 


6705.71 


0.005 


0.002 


He I 


6704.60 




3s 3S 


26p 3P* 


9 


9 


6709.76 


0.019 


0.006 


[Cr IV] 


6709.90 




3d2 3F 


3d2 3P 


9 


5 


6716.44 


5.060 


1.720 


[S II] 


6716.44 


F2 


2p3 4S* 


2p3 2D* 


4 


6 


6721.50 


0.006 


0.002 


II 


6721.39 


V4 


3s 2P 


3p 2S* 


4 


2 


6724.76 


0.004 


0.001 


C II 


6724.56 


V21 


3p' 4D 


3d' 4D* 


2 


4 


6730.81 


11.470 


3.875 


[S II] 


6730.82 


F2 


2p3 4S* 


2p3 2D* 


4 


4 


6739.83 


0.045 


0.015 


[Fc IV] 


6740.63 




3d5 4G 


3d5 21 


12 


12 


6744.33 


0.064 


0.022 


C HI 


6744.38 


V3 


3s' 3P* 


3p' 3D 


5 


7 


6747.04 


0.040 


0.013 


[Cr IV] 


6747.50 




3d3 4F 


3d3 2G 


6 


8 


6755.90 


0.009 


0.003 


[Fc IV] 


6756.62 




3d5 4G 


3d5 21 


12 


12 








He I 


6755.80 




3s 3S 


20p 3P* 


3 


^ 


6761.56 


0.020 


0.007 


[Fe IV] 


6762.15 




3d5 4G 


3d5 31 


10 


12 








C HI 


6762.17 


V3 


3s' 3P* 


3p' 3D 


5 


5 


6765.54 


0.002 


0.001 


V 


6764.58 


V12 


3p' 3P 


3d' 3D* 


1 


3 


6769.57 


0.003 


0.001 


He I 


6769.55 




3s 3S 


19p 3P* 


3 


* 


6780.13 


0.101 


0.034 


C II 


6779.93 


V14 


3s' 4P* 


3p' 4D 


4 


6 








C II 


6780.60 


V14 


3s' 4P* 


3p' 4D 


2 


4 


6783.79 


0.012 


0.004 


C II 


6783.90 


V14 


3s' 4P* 


3p' 4D 


6 


8 


6787.16 


0.025 


0.008 


C II 


6787.22 


V14 


3s' 4P* 


3p' 4D 


2 


2 








TT^ T 

He 1 


6785.73 




3s 3S 


18p 3P 


3 


* 


6791.62 


0.036 


0.012 


C II 


6791.47 


V14 


3s' 4P* 


3p' 4D 


4 


4 




* 


* 


[Ni II] 


6791.48 




4s 4F 


4s 4P 


6 


2 


6795.08 


0.245 


0.081 


[K IV] 


6795.00 


Fl 


3p4 3P 


3p4 ID 


3 


5 


6800.56 


0.029 


0.009 


C II 


6800.68 


V14 


3s' 4P* 


3p' 4D 


6 


6 


6804.84 


0.011 


0.004 


He I 


6804.90 




3s 3S 


17p 3P* 


3 


* 


6812.39 


0.004 


0.001 


C II 


6812.29 


V14 


3s' 4P* 


3p' 4D 


6 


4 


6821.48 


0.007 


0.002 


Ne II 


6821.39 




4f 1[4]* 


6g 2 [4] 


* 


* 


6827.01 


0.135 


0.044 


[Kr HI] 


6826.90 




4p4 3P 


4p4 ID 


5 


5 




* 


* 


C I 


6828.12 


V21 


3p IP 


4d ID* 


3 


5 



Y. Zhang et al.: The planetary nebula NGC7027, Online Material p 30 

Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


9^2 


6829.16 


0.063 


0.021 


VI 


6826.97 






Raman line 






6840.35 


0.003 


0.001 


Fe II 


6840.98 




4D sp6F* 


4p2 6D 


6 


4 


6845.99 


0.006 


0.002 


II 


6846.81 


V45 


3d 4F 


4p 4D* 


8 


8 


6850.25 


0.081 


0.026 


[Co III] 


6849.20 




3d7 2H 


3d7 2F 


12 


8 






* 


[Mn VI] 


6852.00 




2d2 3F 


2d2 ID 


7 


5 


6856.09 


0.011 


0.004 


He I 


6855.96 




3s 3S 


15p 3P* 


3 


* 


6863.43 


0.004 


0.001 


C III 


6862.71 


V19 


3p' 3D 


3d' 3D* 


5 


5 


6891.04 


1.339 


0.423 


He II 


6890.88 


5.12 


5g+ 20 


12h+ 2H* 


50 


* 


6933.65 


0.037 


0.011 


[Fe II] 


6933.66 




4s 4D 


4s 4F 


6 


8 


6945.79 


0.028 


0.009 


N I 


6945.18 


V55 


3p 4P* 


5s 4P 


6 


6 


6959.20 


0.032 


0.010 


Fc II 


6959.32 


V63 


b20 


z4F* 


10 


8 


6975.91 


0.014 


0.004 


N II 


6975.64 




3d 3P* 


4p 3P 


5 


3 


6981.63 


0.028: 


0.009 


N I 


6982.03 


V55 


3p 4P* 


5s 4P 


4 


2 


6989.80 


0.045 


0.014 


He I 


6989.40 


3.12 


3s 3S 


12p 3P* 


3 


* 


6996.89 


0.033 


0.010 


[Fe IV] 


6997.10 




3d5 40 


3d5 2D 


6 


4 


7002.24 


0.099 


0.039 


I 


7002.17 




3p 3P 


4d 3D* 


5 


3 




* 


* 


I 


7002.20 




3p 3P 


4d 3D* 


5 


5 




* 


* 


I 


7002.23 




3p 3P 


4d 3D* 


5 


7 




* 


* 


I 


7002.25 




3p 3P 


4d 3D* 


1 


3 


7005.97 


10.230 


3.085 


[Ar V] 


7005.67 




3p2 3P 


3p2 ID 


5 


5 


7021.58 


0.022 


0.007 


? 


* 








* 


* 


7031.85 


0.041 


0.012 


IV 


7032.36 


V12.01 


4s 2S 


4p 2P* 


2 


4 


7036.01 


0.013: 


0.004 


[Fe IV] 


7036.30 




3p5 4P 


3p5 2D 


4 


6 


7047.43 


0.054 


0.016 


[Fe II] 


7047.43 




4s 4D 


4s 4F 


2 


4 


7054.08 


0.085 


0.025 


IV 


7053.62 


V12.01 


4s 2S 


4p 2P* 


2 


2 


7065.45 


22.560 


6.655 


He I 


7065.25 


VIO 


2p 3P* 


3s 3S 


9 


3 


7088.36 


0.010: 


0.003 


VI 


7083.97 






Raman line 






7099.58 


0.034 


0.010 


[Pb II] 


7099.80 




5p 2P 


6p 2P 


2 


4 


7103.11 


0.029 


0.009 


[Ni II] 


7102.66 




4s 2F 


4s 2P 


6 


4 




* 


* 


N IV 


7103.28 


V4 


3p 3P* 


3d 3D 


1 


3 


7112.86 


0.066 


0.019 


C II 


7112.48 


V20 


3p' 4D 


3d' 4F* 


2 


4 




* 




[Cr IV] 


7110.50 




3d3 4F 


3d3 4P 


4 


2 




* 


* 


C I 


7111.48 


V26 


3p 3D 


4d 3F* 


3 


5 




* 


* 


C I 


7113.18 


V26 


3p 3D 


4d 3F* 


7 


9 




* 


* 


Si H 


7113.42 




5p 2P* 


7s 2S 


2 


2 


7115.83 


0.050 


0.015 


C II 


7115.63 


V20 


3p' 4D 


3d' 4F* 


6 


8 


7119.87 


0.020 


0.006 


C II 


7119.90 


V20 


3p' 4D 


3d' 4F* 


12 


14 


7136.02 


74.610 


21.393 


[Ar III] 


7135.80 


Fl 


3p4 3P 


3p4 ID 


5 


5 


7155.23 


0.276 


0.078 


[Fc II] 


7155.16 




3d7 4F 


3d7 20 


10 


10 


7160.79 


0.093 


0.026 


He I 


7160.56 


3.10 


3s 3S 


lOp 3P* 


3 


9 


7165.18 


0.030 


0.009 


? 


* 








* 


* 


7170.86 


1.648 


0.465 


[Ar IV] 


7170.62 


F2 


3p3 2D* 


3p3 2P* 


4 


4 


7177.77 


1.688 


0.476 


He II 


7177.50 


5.11 


5g+ 20 


llh+ 2H* 


50 


* 


7183.03 


0.058 


0.016 


[Fe IV] 


7183.99 




3d5 4D 


3d5 4F 


8 


8 


7189.44 


0.102 


0.029 


[Fe IV] 


7190.72 




3d5 4D 


3d5 4F 


6 


6 




* 


* 


N II 


7188.20 


V52 


3d 3P* 


4p 3D 


5 


5 


7196.06 


0.075 


0.021 


[Cr IV] 


7196.70 




3d3 2D2 


3d3 2F 


6 


6 


7203.08 


0.024 


0.007 


? 


* 








* 


* 


7208.17 


0.018 


0.005 


C I 


7208.86 




3p IS 


6d 3P* 


1 


3 


7213.42 


0.068 


0.019 


C III 


7212.29 


V39 


5p 3P* 


6d 3D 


3 


* 




* 


* 


N II 


7214.71 


V52 


3d 3P* 


4p 3D 


8 


8 


7220.04 


0.070 


0.019 


[Cs III] 


7219.70 




4p5 2P 


5p5 2P 


4 


2 




* 


* 


[Fe IV] 


7222.80 




3d5 4D 


3p5 4F 


8 


10 


7231.34 


0.391 


0.108 


C II 


7231.12 


V3 


3p 2P* 


3d 2D 


2 


4 


7237.52 


2.062 


0.567 


C II 


7236.42 


V3 


3p 2P* 


3d 2D 


4 


6 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9i 


92 








C II 


7237.17 


V3 


3p 2P* 


3d 2D 


4 


4 








[Ar IV] 


7237.26 


F2 


3p3 2D* 


3p3 2P* 


6 


4 


7242.44 


0.022 


0.006 


N II 


7241.78 


V52 


3d 3P* 


4p 3D 


3 


3 


7251.23 


0.034: 


0.009 


C IV 


7251.79 




7p 2P* 


9s 2S 


4 


2 


7254.88 


0.141 


0.039 


I 


7254.53 


V20 


3p 3P 


5s 3S* 


1 


3 








N II 


7256.53 


V52 


3d 3P* 


4p 3D 


1 


3 


7263.14 


1.410 


0.384 


[Ar IV] 


7262.76 


F2 


3p3 2D* 


3p3 2P* 


4 


2 


7267.98 


0.064 


0.018 


II 


7267.63 




3d 4P 


4p 4S* 


4 


4 


7270.97 


0.043 


0.012 


? 










^ 


^ 


7274.64 


0.020 


0.005 


C I 


7274.61 




3p IS 


7s 3P* 


1 


3 


7281.52 


2.565 


0.695 


He I 


7281.35 


V45 


2p Ip* 


3s IS 


3 


1 








[I II] 


7282.90 




5p4 3P 


5p4 ID 


5 


5 


7289.01 


0.044 


0.012 


Ne II 


7288.71 




4p 2S* 


3d' 2D 


2 


4 


7292.99 


0.078 


0.021 


II 


7292.96 




3d 4D 


4p 4P* 


6 


6 


7297.84 


0.195 


0.052 


He I 


7298.04 




3s 3S 


9p 3P* 


3 


9 


7301.34 


0.062 


0.017 


Tt-\ ttI 

[Fe II] 


7301.56 




4s 4D 


4p 4F* 


6 


6 


7306.91 


0.116 


0.031 


III 


7307.04 


V24.03 


4s 3P* 


4p 3P 


3 


5 


7320.00 


66.740 


17.854 


[0 II] 


7318.92 


F2 


2p3 2D* 


2p3 2P* 


6 


2 








[0 II] 


7319.99 


F2 


2p3 2D* 


2p3 2P* 


6 


4 


7330.39 


55.200 


14.674 


[0 II] 


7329.67 


F2 


2p3 2D* 


2p3 2P* 


4 


2 








[0 II] 


7330.73 


F2 


2p3 2D* 


2p3 2P* 


4 


4 








[Ar IV] 


7331.40 




3p3 2D* 


3p3 2P* 


6 


2 








[Fc II] 


7330.22 




3d7 2P 


3d7 2F 


4 


8 


7377.88 


0.132 


0.035 


[Ni II] 


7377.83 




3d9 2D 


4s 2F 


6 


8 








[Zr VII] 


7379.70 




5p4 3P 


5p4 3P 


5 


3 


7385.55 


0.008: 


0.002 


[Br HI] 


7385.10 




4d3 2D 


4d3 2P 


4 


4 


7388.17 


0.074 


0.019 


[Fe II] 


7388.18 




3d7 4F 


3d7 2G 


6 


8 


7412.53 


0.018 


0.005 


[Ni II] 


7411.61 




3d9 2D 


3s 2F 


4 


6 








[Cr IV] 


7410.90 




3d3 2H 


3d3 2F 


10 


6 


7442.40 


0.009 


0.002 


N I 


7442.90 




3s 4P 


3p 4S* 


4 


4 


7452.60 


0.087 


0.022 


[Fc II] 


7452.60 




3d7 4F 


3d7 2G 


8 


10 


7455.52 


0.024 


0.006 


HI 


7455.35 


V24.03 


4s 3P* 


4p 3P 


5 


5 


7463.30 


0.005 


0.001 


Si HI 


7462.65 




4d 3D 


5p 3P* 


8 


6 


7468.35 


0.021 


0.005 


N I 


7468.31 




3s 4P 


3p 4S* 


6 


4 


7473.67 


0.015 


0.004 


I 


7473.24 


V55 


3s" 3P* 


3p"3D 


5 


5 








C I 


7473.30 


V29.03 


3p 3S 


4d 3P* 


3 


1 


7487.02 


0.031 


0.008 


C HI 


7486.52 


V41 


5d 3D 


6f 3F* 


^ 


^ 


7500.01 


0.102 


0.026 


He I 


7499.85 


3.8 


3s 3S 


8p 3P* 


3 


9 


7507.89 


0.014 


0.003 


N I 


7507.61 


VlOO 


3p 2D* 


5s 2P 


4 


4 


7510.28 


0.012 


0.003 


N II 


7509.24 




3d 3P* 


4p IP 


5 


3 








C II 


7508.90 


V16.08 


2p3 2P* 


3p' 2P 


2 


4 


7515.14 


0.017 


0.004 


HI 


7515.99 


V24.03 


4s 3P* 


4p 3P 


5 


3 


7519.83 


0.008 


0.002 


C II 


7519.89 


V16.08 


2p3 2P* 


3p' 2P 


2 


2 


7530.67 


1.848 


0.457 


[CI IV] 


7530.54 




3p2 3P 


3p2 ID 


3 


5 


7535.13 


0.056 


0.014 


[Xe IV] 


7535.40 




5p3 4S 


5p3 2D 


4 


4 


TFT 1 A A 

7561.44 


0.007 


0.001 


TT 

le 11 


7561.42 




3P 4p4F^ 


5D 5dDP 


A 

4 


6 


7574.42 


0.012 


0.003 


Fe II 


7574.00 




e4H 


3H 5p4H* 


10 


10 




* 


* 


Fe II 


7574.90 




u2D* 


3F 4d4G 


4 


6 


7578.46 


0.047 


0.011 


C HI 


7578.16 


V35 


3d' 3F* 


5g 3G 


5 


7 


7582.27 


0.046 


0.011 


N IV 


7582.40 


V22 


6g 3G 


7h 3H* 


* 




7592.89 


3.084 


0.746 


He II 


7592.74 


5.10 


5g+ 2G 


10h+ 2H* 


50 






* 


* 


C HI 


7592.28 


V35 


3d' 3F* 


5g 3G 


7 


9 




* 


* 


V 


7592.00 


V29 


7h3,lH* 


813,11 


* 


* 




* 


* 


[Se II] 


7592.00 




4p3 4S 


4p3 2D 


4 


4 


7611.58 


0.057 


0.014 


V 


7610.90 


V30 


7i3,ll 


8k3,lK* 


* 


* 



Y. Zhang et al.: The planetary nebula NGC7027, Online Material p 32 

Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


92 


7614.09 


0.080 


0.019 


C III 


7612.65 


V35 


3d' 3F* 


5g 3G 


9 


11 








[Ni II] 


7612.72 




4s 4F 


4s 2D 


4 


4 








[Fe II] 


7613.12 




4s 4D 


4s 4P 


4 


4 


7618.04 


0.937 


0.225 


N V 


7618.46 


V13 


7g+ 2G 


8h+ 2H* 






7672.78 


0.187 


0.044 


? 














7675.56 


0.226 


0.053 


[Fe II] 


7675.30 




4s 6D 


3d7 4P 


4 


2 


7679.68 


0.155: 


0.036 


He I 


7679.52 


3.16 


3s IS 


16p IP* 


1 


3 


7686.06 


0.151: 


0.035 


[Fe II] 


7686.94 




4s 6D 


3d7 4P 


6 


4 








N III 


7686.83 


V24 


5d 2D 


6f 2F* 


6 


8 


7691.63 


0.067: 


0.016 


Mg I 


7691.55 


V29 


3d ID 


7f IF* 


5 


7 








Mg I 


7691.55 




3d ID 


7f 3F* 


10 


12 


7703.10 


0.179 


0.042 


N IV 


7702.96 


V23 


6h 3H* 


7i 31 


* 


* 


7706.84 


0.095 


0.022 


C IV 


7706.50 




6d 2D 


7f 2F* 


10 


14 


7712.60 


0.291 


0.068 


IV 


7713.30 


V21 


6h 2H* 


7i 21 


12 


12 


7725.79 


1.098 


0.254 


C IV 


7726.20 


v8.01 


6h 2H* 


7i+ 21 


^ 


^ 


7735.33 


0.160 


0.037 


C IV 


7735.71 




8g 2G 


llf 2F* 


18 


14 


7750.82 


20.280 


4.648 


[Ar III] 


7751.06 




3p4 3P 


3p4 ID 


3 


5 








He I 


7757.67 


3.14 


3s IS 


14p IP* 


1 


3 


7771.85 


0.019 


0.003 


C HI 


7771.76 


V26 


3p' 3S 


3d' 3P* 


3 


1 








I 


7771.94 


VI 


3s 5S* 


3p 5P 


5 


7 


7774.03 


0.016 


0.002 


I 


7774.17 


VI 


3s 5S* 


3p 5P 


5 


5 


7815.82 


0.185 


0.042 


He I 


7816.03 


3.7 


3s 3S 


7p 3P* 


9 


11 


7833.10 


0.017 


0.004 


HI 


7832.48 


V26.06 


4p 3S 


4d 3P* 


3 


3 


7837.36 


0.017 


0.004 


C I 


7837.10 


V32 


3p 3P 


4d 3P* 


3 


1 


7848.22 


0.016 


0.004 


HI 


7848.03 


V26.03 


4p 3D 


4d 3D* 


3 


3 


7860.23 


0.097 


0.021 


C I 


7860.89 


V32 


3p 3P 


4d 3P* 


5 


5 


7875.54 


0.463 


0.102 


[P II] 


7875.99 




3p2 ID 


3p2 IS 


5 


1 








C IV 


7875.50 




lOg 2G 


19h 2H* 


* 


^ 








Mg II 


7877.05 


V8 


4p 2P* 


4d 2D 


2 


4 


7883.00 


0.064 


0.014 


[Cr V] 


7884.40 




3d2 3F 


3d2 ID 


7 


5 


7889.58 


0.031 


0.007 


[Ni III] 


7889.90 




3d8 3F 


3d8 ID 


7 


5 


7896.78 


0.031 


0.007 


Mg II 


7896.37 


V8 


4p 2P* 


4d 2D 


8 


10 








N II 


7897.62 


V61.10 


4p IP 


5s IP* 


3 


3 


7905.80 


0.016 


0.003 


N II 


7906.08 




3d IP* 


4p 3D 


3 


5 


7910.75 


0.012 


0.002 


No II 


7910.25 




4p 4D* 


5s 2P 


4 


2 


7913.29 


0.030 


0.006 


Fc II 


7912.68 




w6P* 


3H 4d2F 


6 


6 


7918.51 


0.010 


0.002 


N I 


7918.44 




3p 2P* 


4d 4D 


2 


4 


7925.24 


0.019 


0.004 


[Fc' IV] 


7925.00 




3d5 4D 


3d5 2F2 


8 


8 


7930.69 


0.007 


0.001 


Mgl 


7930.79 


V42 


3d 3D 


lOf 3F* 


* 


* 


7936.17 


0.018 


0.003 


IV 


7936.22 




3d 2P* 


3s 2P 


4 


2 


7939.39 


0.006 


0.001 


I 


7939.51 


V35 


3s' 3D* 


3p' 3F 


7 


5 


7944.26 


0.017 


0.003 


I 


7943.15 


V35 


3s' 3D* 


3p' 3F 


7 


7 


7947.88 


0.016 


0.003 


C IV 


7947.38 




6d 2D 


7p 2P* 


6 


4 








C IV 


7948.14 




6d 2D 


7p 2P* 


4 


2 








I 


7947.55 


V35 


3s' 3D* 


3p' 3F 


7 


9 


7952.38 


0.031 


0.007 


r\ T 

(J 1 


7952.16 


V35 




3p 31 


3 


5 


7972.88 


0.014 


0.002 


He I 


7971.67 


3.11 


3s IS 


lip IP* 


1 


3 


7981.86 


0.006 


0.001 


I 


7981.94 


V19 


3p 3P 


3s' 3D* 


3 


3 


7985.56 


0.033 


0.007 


I 


7986.98 


V19 


3p 3P 


3s' 3D* 


3 


5 


7992.95 


0.010 


0.002 


C I 


7992.53 


V88 


2p3 3P* 


6f 1[3] 


3 


5 




* 


* 


C I 


7993.42 


V88 


2p3 3P* 


6f 1[3] 

3s' 3D* 


5 


* 


7995.28 


0.007 


0.001 


I 


7995.07 


V19 


3p 3P 


5 


7 


7999.25 


0.016 


0.003 


[Cr II] 


8000.08 




3d5 6S 


4s 6D 


6 


10 


8015.78 


0.032 


0.007 


C I 


8015.00 


V31 


3p 3P 


4d 3D* 


3 


5 




* 


* 


He I 


8015.99 


3.20 


3p 3P* 


20d 3D 


9 


* 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


9^2 


8018.59 


0.063 


0.013 


C I 


8018.56 


V31 


3p 3P 


4d 3D* 


1 


3 






* 


N III 


8019.09 


V26 


5f 2F* 


6g 2G 


16 


18 


8020.75 


0.018 


0.004 


C III 


8021.14 


V44 


5d ID 


6f IF* 


5 


7 


8024.92 


0.014 


0.003 


[Fe IV] 


8024.10 




3d5 4D 


3d5 2F2 


6 


8 


8030.71 


0.024 


0.005 


C II 


8028.86 


V27.02 


3p'4P 


3d' 4P* 


2 


2 




* 




C I 


8028.18 


V31 


3p 3P 


4d 3D* 


5 


5 


8035.63 


0.028 


0.006 


He I 


8035.10 


3.19 


3p 3P* 


19d 3D 


9 


* 


8045.40 


5.029 


1.049 


[CI IV] 


8045.63 




3p2 3P 


3p2 ID 


5 


5 






* 


C II 


8048.32 


V27.02 


3p'4P 


3d' 4P* 


4 


4 




* 


* 


[Te II] 


8049.60 




5p3 4S 


5p3 2D 


4 


4 


8057.25 


0.032 


0.006 


He I 


8057.59 


3.18 


3p 3P* 


18d 3D 


8 


* 


8061.73 


0.008 


0.001 


C II 


8062.12 


V27.02 


3p'4P 


3d' 4P* 


4 


6 




* 




C II 


8062.78 


V27.02 


3p'4P 


3d' 4P* 


6 


4 


8075.96 


0.005 


0.001 


C II 


8076.64 


V27.02 


3p'4P 


3d' 4P* 


6 


6 


8083.44 


0.034 


0.007 


He I 


8084.33 


3.17 


3p 3P* 


17d 3D 


8 


* 


8087.68 


0.029 


0.006 


Fe II 


8087.28 




3F 4p2F* 


3F 4d2D 


6 


6 




* 


* 


V 


8088.00 




4s 3P* 


4p 3D 


5 


5 


8093.33 


0.032 


0.007 


He I 


8093.31 


3.17 


3p 3P* 


17s 3S 


9 


9 


8102.27 


0.036 


0.007 


Si m 


8102.86 


V37 


5g 3G 


6h 3,1H* 


* 


* 


8110.35 


0.016 


0.003 


Fe II 


8110.22 




4P sp4P* 


3F 4d4P 


4 


4 


8116.02 


0.061 


0.012 


He I 


8116.30 


3.16 


3p 3P* 


16d 3D 


9 


* 


8127.18 


0.043 


0.009 


HI 


8127.50 




5f G[5] 


6g H[6]* 


11 


* 




* 


* 


[Cr II] 


8125.30 




3d5 6S 


4s 6D 


6 


8 


8131.33 


0.012 


0.003 


VI 


8131.80 




8p 2P* 


9s 2S 


6 


2 


8137.79 


0.095 


0.019 


[Fe V] 


8137.20 




3d4 3H 


3d4 11 


11 


13 


8144.33 


0.058 


0.012 


Fc II 


8144.08 




e4D 


3F 4p4D* 


4 


2 


8150.79 


0.090 


0.018 


N I 


8150.66 


V125 


3p 2P* 


5s 2P 


2 


2 


8155.82 


0.088 


0.017 


He I 


8155.78 


3.15 


3p 3P* 


15d 3D 


9 


* 


8159.22 


0.108 


0.021 


N IV 


8159.60 




6p IP 


7S IS 


3 


1 


8163.36 


0.018: 


0.003 


N V 


8163.42 




7p 2P* 


8s 2S 


4 


2 


8166.52 


0.149: 


0.029 


HI 


8168.00 




5f G[5] 


6g H[6]* 


9 


* 




* 




N I 


8166.23 


V139 


3s' 2D 


5p 2D* 


6 


6 




* 


* 


N I 


8166.51 


V139 


3s' 2D 


5p 2D* 


4 


6 


8172.94 


0.291: 


0.057 


HI 


8172.10 


V24.04 


4s IP* 


4p ID 


3 


5 


8180.17 


0.042: 


0.008 


? 


* 








* 


* 


8184.17 


0.138 


0.028 


N I 


8184.87 


V2 


3s 4P 


3p 4P* 


4 


6 


8189.29 


0.059 


0.012 


N I 


8188.02 


V2 


3s 4P 


3p 4P* 


2 


4 




* 


* 


C HI 


8189.00 




5g' 3H* 


6h' 31 


* 


* 


8190.79 


0.060 


0.012 


Si HI 


8190.43 


V31 


5f 3F* 


6g IG 


7 


9 




* 


* 


Si HI 


8191.43 


V30 


5f 3F* 


6g 3G 


5 


7 


8196.24 


1.448 


0.289 


C HI 


8196.48 


V43 


5g 3,1G 


61i 3,1H* 


* 


* 


8203.21 


0.145 


0.029 


He I 


8203.90 


3.14 


3p 3P* 


14d 3D 


8 


* 


8207.01 


0.081 


0.016 


? 


* 








* 


* 


8210.84 


0.069 


0.014 


N I 


8210.72 




3s 4P 


3p 4P* 


4 


4 




* 




[Cs VI] 


8210.60 




4p4 3P 


5p4 3P 


5 


3 


8215.15 


0.179 


0.036 


N I 


8216.30 


V2 


3s 4P 


3p 4P* 


6 


6 




* 


* 


Ne II 


8214.57 




3d 4D 


4p 4D* 


4 


6 


8219.58 


0.062 


0.012 


? 


* 








* 


* 


8222.54 


0.078 


0.015 


N I 


8223.13 


V2 


3s 4P 


3p 4P* 


4 


2 


8229.76 


0.044 


0.008 


[Cr II] 


8229.67 




3d5 6S 


4s 6D 


6 


6 


8236.46 


5.503 


1.084 


He II 


8236.77 


5.9 


5g+ 2G 


9h+ 2H* 


50 


* 


8241.62 


0.109 


0.022 


N I 


8242.39 


V2 


3s 4P 


3p 4P* 


6 


4 


8244.67 


0.105 


0.021 


HI 


8244.10 




5g G[5]* 


61i H[6] 


* 


* 


8249.79 


0.040 


0.008 


H I 


8249.90 


P40 


3d+ 2D 


40f+ 2F* 


18 


* 


8252.07 


0.032 


0.006 


H I 


8252.40 


P39 


3d+ 2D 


39f+ 2F* 


18 


* 
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Table 2. continued. 



•^obs 


F(A) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9l 


92 








III 


8250.80 




5g F[4]* 


6h G[5] 


* 




8254.73 


0.079 


0.015 


H I 


8255.02 


P38 


3d+ 2D 


38f+ 2F* 


18 




8257.58 


0.111 


0.022 


H I 


8257.86 


P37 


3d+ 2D 


37f+ 2F* 


18 




8261.13 


0.306 


0.060 


H I 


8260.94 


P36 


3d+ 2D 


36f+ 2F* 


18 




8264.30 


0.389 


0.076 


H I 


8264.29 


P35 


3d+ 2D 


35f+ 2F* 


18 










He I 


8265.71 


3.9 


3s IS 


9p IP* 


1 


3 


8267.78 


0.427 


0.083 


H I 


8267.94 


P34 


3d+ 2D 


34f+ 2F* 


18 










III 


8268.80 




5g H[6]* 


6h I[7] 


^ 




8271.48 


0.372 


0.073 


H I 


8271.93 


P33 


3d+ 2D 


33f+ 2F* 


18 




8275.97 


0.356 


0.069 


H I 


8276.31 


P32 


3d+ 2D 


32f+ 2F* 


18 




8280.72 


0.412 


0.080 


H I 


8281.12 


P31 


3d+ 2D 


31f+ 2F* 


18 




8286.01 


0.517 


0.101 


H I 


8286.43 


P30 


3d+ 2D 


30f+ 2F* 


18 




8291.89 


0.547 


0.106 


H I 


8292.31 


P29 


3d+ 2D 


29f+ 2F* 


18 




8298.44 


0.657 


0.127 


H I 


8298.84 


P28 


3d+ 2D 


28f+ 2F* 


18 




8305.90 


0.691 


0.134 


H I 


8305.90 


P27 


3d+ 2D 


27f+ 2F* 


18 










N III 


8307.55 


V5.01 


3s' 2P* 


3p' 2P 


2 


4 


8313.68 


0.863 


0.166 


H I 


8314.26 


P26 


3d+ 2D 


26f+ 2F* 


18 




8319.35 


0.062 


0.012 


He II 


8319.91 


6.50 


6s+ 2S 


50p+ 2P* 


72 




8323.07 


0.865 


0.166 


H I 


8323.43 


P25 


3d+ 2D 


25f+ 2F* 


18 




8330.02 


0.096 


0.018 


He II 


8330.26 


6.48 


6s+ 2S 


48p+ 2P* 


72 




8333.39 


1.017 


0.195 


H I 


8333.78 


P24 


3d+ 2D 


24f+ 2F* 


18 










C III 


8332.99 


V12.01 


4d 3D 


3d' 3F* 


7 


9 


8341.51 


0.211 


0.040 


He I 


8342.37 


V68 


3s 3S 


6p 3P* 


3 


9 








C HI 


8341.59 


V12.01 


4d 3D 


3d' 3F* 


5 


7 


8345.10 


1.073 


0.205 


H I 


8345.55 


P23 


3d+ 2D 


23f+ 2F* 


18 










C HI 


8347.94 


V12.01 


4d 3D 


3d' 3F* 


3 


5 








N III 


8344.86 


V5.01 


3s' 2P* 


3p' 2P 


2 


2 


8358.62 


1.158 


0.220 


H I 


8359.01 


P22 


3d+ 2D 


22f+ 2F* 


18 


^ 








C HI 


8358.72 


V12.01 


4d 3D 


3d' 3F* 


5 


5 


8361.38 


0.403 


0.077 


He I 


8361.71 




3s 3S 


6p 3P* 


3 


1 


8370.37 


0.046 


0.009 


He II 


8370.93 


6.42 


6s+ 2S 


42p+ 2P* 


72 




8374.15 


1.198 


0.227 


H I 


8374.48 


P21 


3d+ 2D 


21f+ 2F* 


18 










C HI 


8375.04 


V12.01 


4d 3D 


3d' 3F* 


7 


5 


8378.96 


0.058 


0.011 


He I 


8378.77 


3.20 


3d ID 


20p IP* 


5 


3 


8386.45 


0.139 


0.026 


N HI 


8386.48 


V5.01 


3s' 2P* 


3p' 2P 


4 


4 


8392.04 


1.431 


0.270 


H I 


8392.40 


P20 


3d+ 2D 


20f+ 2F* 


18 




8398.63 


0.236 


0.044 


He II 


8398.90 


6.39 


6s+ 2S 


39p+ 2P* 


72 




8405.63 


0.046 


0.009 


Ne II 


8405.62 




4p 2S* 


5s 2P 


2 


2 


8409.52 


0.044 


0.008 


He II 


8409.80 


6.38 


6s+ 2S 


38p+ 2P* 


72 




8413.46 


1.537 


0.288 


H I 


8413.32 


P19 


3d+ 2D 


19f+ 2F* 


18 




8422.08 


0.137 


0.026 


He I 


8421.80 


3.18 


3d 3D 


18p 3p* 


15 










He II 


8421.55 


6.37 


6s+ 2S 


37p+ 2P* 


72 




8433.95 


0.395 


0.074 


[CI III] 


8433.70 




3p3 2D* 


3p3 2P* 


4 


4 








He II 


8434.38 


6.36 


6s+ 2S 


36p+ 2P* 


72 




8438.10 


1.765 


0.328 


H I 


8438.00 


P18 


3d+ 2D 


18f+ 2F* 


18 




O A A/2 CO 

8446.58 


1.535 


0.285 


T 

(J 1 


8446.36 


V4 


3s 3S^ 


3p 3P 


3 


5 




* 


* 


He II 


8448.39 


6.35 


6s+ 2S 


35p+ 2P* 


72 


* 


8451.66 


0.073 


0.014 


He I 


8451.10 


3.17 


3d 3D 


17p 3p* 


15 


* 


8459.19 


0.012 


0.002 


Ne II 


8459.86 




3d' 2S 


4p' 2P* 


2 


2 


8463.71 


0.067 


0.012 


He II 


8463.70 


6.34 


6s+ 2S 


34p+ 2P* 


72 


* 


8467.41 


2.041 


0.376 


H I 


8467.26 


P17 


3d+ 2D 


17f+ 2F* 


18 




8480.94 


0.395 


0.073 


[CI III] 


8480.85 




3p3 2D* 


3p3 2P* 


6 


4 




* 


* 


He II 


8480.67 


6.33 


6s+ 2S 


33p+ 2P* 


72 


* 


8486.37 


0.062 


0.011 


He I 


8486.16 


3.16 


3d 3D 


16d 3p* 


15 


* 


8488.93 


0.026 


0.005 


He I 


8488.62 


3.16 


3d 3D 


16p 3p* 


15 


* 
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Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9i 


92 


8499.93 


0.397 


0.073 


[Ni III] 


8499.60 




3d8 3F 


3d8 ID 


5 


5 








He II 


8498.90 


6.32 


6s+ 2S 


32p+ 2P* 


72 




8502.63 


2.825 


0.516 


H I 


8502.49 


P16 


3d+ 2D 


16f+ 2F* 


18 










[CI III] 


8502.00 




3p3 2D* 


3p3 2P* 


4 


2 


8519.40 


0.103 


0.019 


He II 


8519.40 


6.31 


6s+ 2S 


31p+ 2P* 


72 




8529.17 


0.092 


0.017 


He I 


8529.05 


3.15 


3d 3D 


15f 3F* 


15 




8531.76 


0.028 


0.005 


He I 


8531.40 


3.15 


3d 3D 


15p 3F* 


15 




8541.92 


0.102 


0.018 


He II 


8541.80 


6.30 


6s+ 2S 


30p+ 2P* 


72 




8545.55 


3.044 


0.551 


H I 


8545.38 


P15 


3d+ 2D 


15f+ 2F* 


18 










[CI III] 


8549.00 




3p3 2D* 


3p3 2P* 


6 


2 


8567.15 


0.138 


0.025 


He II 


8566.99 


6.29 


6s+ 2S 


29p+ 2P* 


72 


* 








N I 


8567.74 


V8 


3s 2P 


3p 2P* 


2 


4 


8578.85 


1.809 


0.324 


[CI II] 


8578.70 




3p4 3P 


3p4 ID 


5 


5 


8582.52 


0.253 


0.045 


He I 


8582.54 


3.10 


3p 3P* 


lOd 3D 


9 


9 


8594.88 


0.154 


0.027 


He II 


8594.91 


6.28 


6s+ 2S 


28p+ 2P* 


72 


^ 








N I 


8594.00 


V8 


3s 2P 


3p 2P* 


2 


2 


8598.55 


4.016 


0.715 


H I 


8598.39 


P14 


3d+ 2D 


14f+ 2F* 


18 




8608.34 


0.017 


0.003 


He I 


8608.36 


3.15 


3p IP* 


15d ID 


3 


5 


8616.95 


0.347 


0.061 


[Fe II] 


8616.95 




4s 4H 


4s 21 


14 


14 


8626.43 


0.142 


0.025 


He II 


8626.10 


6.27 


6s+ 2S 


27p+ 2P* 


72 


% 


8633.28 


0.020 


0.003 


He I 


8632.82 


3.10 


3p 3P* 


10s 3S 


9 


9 


8648.49 


0.119 


0.021 


He I 


8648.10 


3.13 


3d 3D 


13f 3F* 


15 




8651.22 


0.047 


0.008 


He I 


8651.70 


3.13 


3d 3D 


13d 3F* 


15 




8661.95 


0.293 


0.051 


He II 


8661.40 


6.26 


6s+ 2S 


26p+ 2P* 


72 




8665.15 


5.134 


0.897 


H I 


8665.02 


P13 


3d+ 2D 


13f+ 2F* 


18 










C HI 


8665.22 


V45 


5f 3F* 


6g 3G 


9 


11 


8680.35 


0.035 


0.006 


N I 


8680.28 


VI 


3s 4P 


3p 4D* 


6 


8 


8683.41 


0.032 


0.006 


N I 


8683.40 


VI 


3s 4P 


3p 4D* 


4 


6 


8685.95 


0.026 


0.005 


N I 


8686.15 


VI 


3s 4P 


3p 4D* 


2 


4 


8701.75 


0.201 


0.035 


He II 


8701.30 


6.25 


6s+ 2S 


25p+ 2P* 


72 


^ 








N I 


8703.25 


VI 


3s 4P 


3p 4D* 


2 


2 


8705.86 


0.047 


0.008 


II 


8705.81 




4d 4F 


5f F2* 


8 


6 


8711.79 


0.024 


0.004 


N I 


8711.70 


VI 


3s 4P 


3p 4D* 


4 


4 


8719.41 


0.006 


0.001 


N I 


8718.83 


VI 


3s 4P 


3p 4D* 


6 


6 


8721.72 


0.007 


0.001 


Ne II 


8721.89 




3d 4P 


4p 2D* 


4 


4 


8727.25 


1.473 


0.253 


[C I] 


8727.13 




2p2 ID 


2p2 IS 


5 


1 








[Fe HI] 


8728.84 




3d6 3P 


3d6 3D 


5 


7 








N I 


8728.89 


VI 


3s 4P 


3p 4D* 


4 


2 








[Fe VII] 


8729.90 




3d2 ID 


3d2 IG 


5 


9 








He I 


8729.95 


3.13 


3p IP* 


13d ID 


3 


5 


8733.60 


0.172 


0.030 


He I 


8733.30 


3.12 


3d 3D 


12f 3F* 


15 




8736.31 


0.070 


0.012 


He I 


8735.90 


3.12 


3d 3D 


12d 3F* 


15 




8740.53 


0.038 


0.007 


He I 


8740.04 


3.12 


3d 3D 


12p 3F* 


15 




8747.19 


0.292 


0.050 


He II 


8747.00 


6.24 


6s+ 2S 


24p+ 2P* 


72 










N I 


8747.37 


VI 


3s 4P 


4d 4D* 


6 


4 


8750.65 


5.631 


0.96/ 


TT T 

H 1 


O TC: A AO 

8750.48 


P12 


3d+ 2D 


12i+ 21 * 


18 


* 


8776.86 


0.144 


0.024 


He I 


8776.60 


3.9 


3p 3P* 


9d 3D 


1 


3 


8789.18 


0.008 


0.001 


II 


8788.83 




4d 4F 


5f G4* 


6 


8 


8794.87 


0.090 


0.015 


C II 


8793.80 


V28.01 


3p' 2D 


3d' 2F* 


6 


8 


8799.22 


0.304 


0.051 


C II 


8799.10 


V28.01 


3p' 2D 


3d' 2F* 


4 


6 




* 


* 


He II 


8798.90 


6.23 


6s+ 2S 


23p+ 2P* 


72 


* 




* 


* 


[P I] 


8799.61 




3p3 4S* 


3p3 2D* 


4 


4 


8806.93 


0.037 


0.006 


Mg I 


8806.76 


V7 


3p IP* 


3d ID 


3 


5 


8816.76 


0.018 


0.003 


He I 


8816.50 


3.12 


3p IP* 


12d ID 


3 


5 


8829.90 


0.063 


0.011 


[S HI] 


8829.40 




3p2 3P 


3p2 ID 


1 


5 
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Table 2. continued. 



•^obs 


F{X) 


/(A) 


Ion 


Alab 


Mult 


Lower Term 


Upper Term 


9i 


92 








He I 


8830.61 


3.12 


3p IP* 


12s IS 


3 


1 


8845.54 


0.285 


0.048 


He I 


8845.20 


3.11 


3d 3D 


llf 3F* 


15 


* 




* 


* 


He I 


8846.46 


3.11 


3d ID 


lip IP* 


5 


3 








[Ba V] 


8845.64 




5p4 3P 


5p4 3P 


5 


1 


8849.00 


0.148 


0.025 


He I 


8849.00 


3.9 


3p 3P* 


9s 3S 


9 


9 


8854.31 


0.051 


0.009 


He I 


8854.19 


3.11 


3d 3D 


lip 3P* 


15 


^ 




% 




[Se III] 


8854.20 




4p2 3P 


4p2 ID 


3 


5 


8858.99 


0.427 


0.071 


He II 


8859.25 


6.22 


6s+ 2S 


22p+ 2P* 


72 




8862.92 


7.753 


1.288 


H I 


8862.79 


Pll 


3d+ 2D 


lf+ 2F* 


18 




8873.40 


0.075 


0.012 


C I 


8873.39 


V49 


3p ID 


5s IP* 


5 


3 


8892.05 


0.194 


0.032 


[Fe II] 


8891.91 




3d7 4F 


3d7 4P 


8 


4 


8899.05 


0.041 


0.007 


C I 


8899.31 




3d ID* 


8p ID 


5 


5 








Ne II 


8899.33 




4p 2P* 


3d' 2P 


2 


4 


8914.91 


0.044 


0.007 


He I 


8914.83 


3.7 


3s IS 


7p IP* 


1 


3 


8929.31 


0.429 


0.070 


N V 


8930.43 




9g 2G 


llf 2F* 


18 


14 








He II 


8929.21 


6.21 


6s+ 2S 


21p+ 2P* 


72 


^ 


8968.78 


0.109 


0.018 


Ne I 


8968.53 




4s 2 [2]* 


6p 2[1] 


5 


3 


8973.66 


0.071: 


0.011 


Fe II 


8973.95 




4D sp6D* 


5D 5d4D 


8 


6 








Fe II 


8974.52 




w4G* 


5D 5d4D 


6 


6 


8978.02 


0.160 


0.026 


? 










^ 


% 


8982.74 


0.147 


0.024 


N II 


8983.28 


V65.03a 


4d ID* 


5f 1[3] 


5 


7 


8985.13 


0.160 


0.026 


? 










* 




8989.72 


0.144 


0.023 


Mg I 


8989.03 




4p 3P* 


8s 3S 


1 


3 


8997.28 


0.550 


0.089 


He I 


8997.04 


3.10 


3d 3D 


lOf 3F* 


15 




9002.18 


0.078 


0.013 


Fe II 


9002.37 




4f 4 [5]* 


5D 6d6D 


10 


10 


9005.57 


0.077 


0.012 


II 


9005.43 




4p 2D* 


4s' 2D 


6 


4 


9011.30 


0.525 


0.084 


He II 


9011.20 


6.20 


6s+ 2S 


20p+ 2P* 


72 










[Rb IV] 


9008.75 




4p4 3P 


4p4 ID 


3 


5 




* 




He 1 


9009.28 


3.10 


3d 3D 


lOp 3P 


3 


1 


9015.04 


12.500 


2.000 


H I 


9015.00 


PIO 


3d+ 2D 


10f+ 2F* 


18 


* 


9033.93 


0.006 


0.001 


[Fe II] 


9033.50 




3d7 4F 


3d7 4P 


6 


2 


9052.12 


0.072 


0.012 


[Fe II] 


9051.95 




3d7 4F 


3d7 4P 


8 


6 


9069.19 


_b 




[S HI] 


9069.19 




3p2 3P 


3p2 ID 


3 


5 


9095.36 


0.390 


0.061 


C I 


9095.47 




3d 3D* 


9p 3D 


5 


7 


9103.21 


0.185 


0.029 


? 


* 








* 


* 


9109.01 


0.681 


0.107 


He II 


9108.50 


6.19 


6s+ 2S 


19p+ 2P* 


72 


* 


9123.78 


0.895 


0.140 


[CI II] 


9123.60 




3p4 3P 


3p4 ID 


3 


5 


9133.32 


0.213: 


0.033 


[Fe II] 


9133.62 




3d7 2G 


4s 2F 


8 


8 



For a feature blended with a few lines from the same multiplet, this is a sum of statistical weights. 
^ Saturated even if in short exposures. 
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Table 4. UV line flirxes. 



Wavelength 


Ion 




/(A) 


(A) 






[/(H/3) = lOOJ 


1240 


N V 


0.15 


35.94 


1335 


^ TT 


0.09 


10.56 


1400 


O IV]+Si IV 


0.60 


49.54 


1485 


N IV] 


0.65 


42.28 


1548 


C IV 


12.5 


695.97 


1551 


C IV 


7.77 


430.00 


1573 


TTT 1 riVT T 7"! 

C III+[JNe VJ 


0.21 


11.10 


1602 


[Ne IV] 


0.27 


13.80 


1640 


TJ^ TT 

He 11 


4.40 


211.23 


1663 


O III] 


0.74 


34.51 


1750 


N III] 


0.60 


27.06 


1883 


rO; TTTl 

[bi lllj 


0.04 


2.29 


1892 


Si III] 


0.05 


3.00 


1906 


[C III] 


4.40 


280.75 


1908 


C III] 


7.00 


446.49 


2324 


T/^ TTTl 1 /^TTl 

[O Illj+Cllj 


1.90 


185.00 


2422 


JNe IV] 


1.20 


54.14 


2425 


JNe IV] 


0.45 


19.96 


2470 


[O II] 


0.76 


25.73 


zolz 


TTq TT 

xie ii 


U.Zo 


O.DO 


2732 


He II 


0.56 


6.68 


2783 


[Mg V] 


0.92 


9.53 


2796 


Mg II 


1.04 


10.46 


2804 


Mg II 


1.68 


16.56 


2830 


He I 


0.16 


1.48 


2929 


[Mg V] 


0.45 


3.39 


3024 


III 


0.87 


5.53 


3046 


O III 


1.33 


8.19 


3134 


III 


9.71 


52.30 


3203 


He II 


3.05 


14.95 



10 erg cm ^. 



